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FOREWORD

This‘report has been prepared in response to the requirements of NASA
Contract NAS3-8711 as outlined in Item 56 of Reference 7. Preflight
trajectory and vehicle characteristics and trajectory design rationale are
summarized for the purpose of providing a central information document
for the Atlas/Centaur AC-14 flight. All information presented is the
best known at the time of publication (10 weeks prior to the prime launch

date). Any significant changes will be published at the time of occur-

rence,

iii




Page intentionally left blank



TABLE OF CONTENT

Section Page

1 MISSION .+ v v v v v v e e e e e e e e e 12

1.1 MISSION PROFILE . . . . . . « .« . 1-2
1.2 SEQUENCE OF EVENTS . . . . . .« . 1-7
1.3 TARGETING . . . « + + « « +« « . 1-11
1.3.1 Guidance Consgtants . . . .+ .+ « .+ « . 1-12
1.3.2 Launch On Time . . . .+ . « « « + & 1-12
1.3.3 Launch Azimuth . . . . + « « .« .+ . 1-12
1.3.4 Firing Window., . . .+ « « « + .+ « . 1-13
1.3.5 Targeted Data . .~ . e e e e 1-16
1.4 TRAJECTORY PARAME I‘LRS C e e e 1-16
1.5 ORBITAL ELEMENTS . . . . .+ . .« . 1-21
1.6 CENTAUR RETRCMANEUVER . . . . . 1-21

2 PERFORMANCE 2-1
2.1 EXCESS PROPELLANTS 2-1
2 "“2 I HAYIAIAD GCAFADIIAL L e e e e e 22
e 2.3 PERFORMANCE RESERVE . . . . . .  2-2
2.3.1 Definition of Flight Performance Reserve, 2-2
2.3.2 Net 8~Sigma Flight Performance Reserve. 2-4

2.4 PERFORMANCE EXCHANGE COETFICI-
- ENTS. « v v v v e e e e e e 2-5
3 RANGE SAFETY . . v v v v v o« v o o 3-1
Lé 3.1 DATA PACKAGE . . « v « « « « . . 31
m 4 TRACKING DATA . v v v v v v e e e 4-1
5 FLIGHT MECHANICS .+ . v v v « o« « o « . 5-1
N 5.1 EARTH-MOON GEOMETRIC PROPERTIES . 5-1
b 5.2 PRE-INJECTION TRAJECTORY PHASE . 5-10
5.3 POST-INJECTION TRAJECTORY PHASE, . 5-12
5.4 LAUNCH WINDOW 5-17

b

6 PRAJECT 6-1
6.1 6-1
G.2 )

V




e

Section

10

TABLE OF CONTENTS, Contd

6.3 STAGING CRITERIA., . .=.
6.3.1 Booster Engine Staging .

6.3.2 Sustainer Engine Staging

6.3.3 Insulation Panel Staging.

6.3.4 Nose Fairing Staging.

6.4 PITCH PROGRAM DESIGN,

6.4.1 Booster Pitch Program.,

6.4.2 Sustainer and Centaur Phase Pltch

Programs

VEHICLE CONFIGURATION.

7.1 FIRST STAGE DESCRIPTION.
7.2 SECOND STAGE DESCRIPTION .
7.3 SPACECRAFT DESCRIPTION.

PROPULSION . . .+ . « « « « « «

° 1 ATT AS DROPIIT.SION MODEL . .
8.1.1 Booster kngine Cutoir

8.1.2 Sustainer Engine Cutoff. .

8.2 CENTAUR PROPULSION MODEL
8.2.1 Main Impulse Engines

8.2.2 Engine Regression Equations .

8.2.3 Attitude and Propellant Level Control

Engines . . . . .+ .+ « . .

FLIGHT CONTROL SYSTEM

ATLAS STAGE AUTOPILOT

9.
9. ATLAS BOOSTER ROLL PROGRAM
3.

WEIGHTS .

10.1 WFIGTIT DATA .
10.2 ROI )"”LL” N MOAD G .
10.2.1 At,z,a;;s Propellant Loe umm

10.2.%2 Centaur Propellant Loading

vi

2
3 ATLAS PITCH AND YAW PROGRAMS .

e

10-1

10-1
10-6
16-6
10-7




‘é TABLE OF CONTENTS, Contd

i

'3 Section Page

- 11 AERODYNAMICS . . « v « « v « v « v o . 11-1

P -

Lfi 11.1 AXIAL FORCE. . . . v v « v « « 11-2
11.2 NORMAL FORCE. . . . « « + + « . 11-6

?E 11.3 PITCHING MOMENT COEFFICIENTS , . . 11-10

12 PHYSICAL AND ATMOSPHERIC DATA . . . . . . 12-1
12.1 EARTHDATA . . . . + « « « + « = 12-1
12.1.1 Earth Model . . . .« « « « « .« « 12-1
12.1.2 Earth Rotation Rate . . . . « . .+ .« . 12-1
12.1.3 Earth Potential Function . . . . « .+ . 12-2
12.1.4 Launch Pad Coordinates . . . .+ . .+ . 12~-3
i2.1.5  Atmospheric Properties . . . . . . . 12-3
12,1.6 Wind Data . . . . . ¢ <« o« . . . 12-3
12.2 MOON DATA . . . . .+ « « + « « .« 312-17
12.2.1 Moon Potential Function . . . . . . . 12-17
12.2.2 Moon Rotation Rate . . . . . .« « . . 12-17
RERRRERENCES C e e e e e e e e e e e R-1

APPENDIX A . . .« . v v v « v « v « W« v o v o A1

DISTRIBUTION LIST. . . . . . . . « .+ . . Coe D-1

vii




Figure

1-5
1-6
1-7

LIST OF FIGURES

Powered Ascent Flight Profile .

Typical Lunar Transfer Orbit . . . . .

Typical Spacecraft Trajectory Earth Ground Trace

Envelope . . . . . . . . . . ..
MECO 1 Compatibility . . . . . . .
MECO 2 Compatibility ., . . . . . .
Typical Launch Window ., . . . . . .

Nominal Excess Propellants Versus Percent
Probability of Sufficient Fuel Remaining

.

.

3

Atlas Phase Trajectory Parameters (Sheet 1 of 2)

Atlas Phase Trajectory Parameters (Sheet 2 of 2)

Centaur Phase Trajectory Parameters (Sheet
Centaur Pnhase ‘1rajectory L’aI"d.nlELe,L"ﬁ (pueet
Orbital Parameters (Sheet 1 of 2) , . .
Orbital Parameters (Sheet 2 0f2) . . . .
Centaur/Spacecraft Separation Distance ,

Thrust During Centaur Retromaneuver (Tank
Blowdown), . . . . . . .

1

of

VL

Flow Rate During Centaur Retromaneuver (Tank

Blowdown). e e e e e e
Payload Capability/FPR Rdaitionship_
Performance Exchange Coefficients . . .
Tracking Parameter Definitions

Tracking Station Parameter Data |,

5 ] -y Ty O o Y 1 i ey N AL S %
Grand Canary and Ascension Tracking Station
T R TP s S B IO S
Parameter Data |
Tananarvive Tracking Statlon Parameter Data
BT e Yo ety Cadimm 1aa e ] s
Pretoria Tracking Station Parameter Da

Vv qiiv vy r v e ATty CEadi aym evire v e The
Carnarvon Trocking Station Parameter Data

viii

Z).

als

Page

1-4

1-5

1-6

1-7

1-14

1-14
1-17
1-18
1-19
1=ay
1-25
1-26
1-27




-
¢

o
B
L

- 7
Ll

fremn

ey
i

g

Find
sarereoty

g

- gy S

Gl

—
&

ann

Sheaias

Figure

5-5
5-5
5-6
5-7
5-8

67

6~8

7~1

LIST OF FIGURES Contd

Earth-Moon Geometric Relationship e
Earth-Moon Distance, 1967 (Sheet 1 of 2)
Earth-Moon Distance, 1967 (Sheet 2 0f 2) .. . . .
Lunar Declination, 19.6’7 (Sheet 1 0f 2y . . . .
Lunar Declination, 1967 (Sheet 2 of 2)

Maximum and Minimum Lunar Declinat‘ion for the
1960 Decade « . .« .« . oo« o e

Lunar Right Ascension, 1967 (Sheet 1 of 2). . . .
Lunar Right Ascension, 1967 (Sheet 2 of 2).

Parking Orbit Ascent In-Plane Geometry . . .
Earth-Moon Launch Geometry .

Launch-to-Target Angle Versus Lunar Declination
Barin-voon Injection Lnergy versus #ugnt Lime
Dynamic Pressure Versus Flight Time . . . . .
Heat Flux Parameter Versus Flight Time . . . .
Heating Parameter Versus Flight Time .

Typical Effect on Payload Capability of Insulation
Panel Jettison Time . . . .+ . .+ .+ + .+ .

Effect of Insulation Panel Jettison Time on Heat
Flux Parameter for Pitch Program 211 .

Aerodynamic Environment Insulation Panel Staging
Criterion Based on Pitch Program 211

Thermal Environment Nose Fairing Staging
Criterion Based on Pitch Program 211 . . . . .

Eifect of Piich Program on Payload Capability .

General Arrangement of Aflag .

General Array

Page

6-10

6-11

6-12

6-13
6-15
7-2

74



Figure

73

7-4

8-1
8-2

11-1

11-2
11-3

11-4

11-5

11-6

11-7

11-8

LIST OF FIGURES Contd

General Avrangement of SC~6 Spacecraft,

[e

Launch Configuration . . . . . . . . . . .

General Arrangement of SC-6 Spacecraft,
MidcourseConﬁguration, S

Atlas Booster Tmuqt and 8pecific Impulse . . . .

Atlas Sustainer-Plus~-Vernier Thrust and Specific
Impulse .. . . . . . .« . . . .00

Booster Engine Decay Characteristics

. . . . .

NPSH versus Booster Staging Acceleration, |

Sustainer Engine Shutdown Decay Characteristic .
Centaur Propulsion Characteristics . . . . . .

Propellant Utilization Valve Loss Factor Versus
Valve Angle for AC-14 Engines . . .

. . . .

nLLdllbblllkAib UL lllblLLLU.v CLJJU .l_ .LUL}CILO«ILL J.JCVCL

Control Engines,

B . . . . e . . ® . .

Atlas/Centaur Axial Force Coefiicient (g-Dependent
Component of Total Axial Force) . .

Atlas/Centavr Holddown and Base Suction Force |,

L~,

Total Vehicle Norimal Force ata =0,

. . . . 0

kxd 1

Component of Tolal Vehicle Normal Force
Coefficient Due to Angle of Attack, Positive «=0nly

Component of Total Vehicle Normal Force Coef-
ficient Dus to Angle of Atfack, Negative o Only

Pitching Moment Cesifficient at CN=0 . . . . .
Center of Pressuve of Total Vehicle Normal
Foree Compon Pogitivea Only . . . . o .

X

s

Page

[

8-4
8-6
8~7
8-9
8-12

8-21

11-4

11-5

!

11-7

11-8

11-9

11-11

11-12




i

'
fa e

g
1
:
=

ey
S’ sy
Ll

Sl

P
TR

St

L

L pm

Figure

12-1
12-2
12-3
12-4
12-5
12-6
12-7
12-8
12-9
12-10
12-11
12-12
12-13

LIST OF FIGURES (Countd

Zonal Wind Variations During the Year .

January ETR Wind Profile
February ETR Wind Profile.
March ETR Wind Profile.
April ETR Wind Profile

May ETR Wind Profile

June ETR Wind Profile

July ETR Wind Profile
AugustlETR Wind Profile.
September ETR Wind Profile
October ETR Wind Profile
November ETR Wind Profile
December ETR Wind Profile

12~5
12-6
12-7
12-8
12-9
12-10
12-11
12-12
12-13
12-14
12-15
12-16



Py

LIST OF TABLES

Mission Parameter Summary. . .

equence of Events . . . . . . .. .
Firing Window Data AC-14 . . . . . .
Target Criteria for AC-14 . . . . .
Trajectory Parameters. . . . . . .

Parking Orbit Nominal Orbital Element After
Initial Ullage Settling Phase . . . . . .

Spacecraft Nominal Orbital Elements at Time
of Separation from Centaur . . . . .

Expended Centaur Nominal Orbital Elements at
End of Retromaneuver . . . . . . . .

Retromaneuver SeguUence . .« .« .+ « «

o ~ PRI

elcL ol Cunoivivnd .+ . 4 o e
Net 3-Sigma Flight Performance Reserve .
Tracking Station Coordinate Data ., ., .

Booster Staging Accelerometer Settings . .
Summary of Atlas Propulsion Characteristics
Centaur Propulsion Characteristics, . . .
Prestart Clidractej.'istios c e e e e e
Start and Shutdown Charvacteristies . . . .
Regression Equation Constants . . . . .
Variable Regression Equation Constants . .

Charactevistics of Attitude and Propellant
Level Control Tugines . . . . . .+ . .

Engine Designation and

Functional Desceription
AC-14 Boll Program. . . . . . .

Pitch Programe . . . . . . . o .

Yaw Programs

it

Page

1-1

1-23




e
e

ey
L
i

Ly

g3 s

i

Lumﬂ

T
it

Table
10-1
10-2
10-3
10-4
10-5

LIST OF TABLES Contd

AC~14 Launch Configuration Weight Summary .

Centaur Stage Weight Summary.
Atlas Stage Weight Summary
Atlas Propellant Loading Calculations

Centaur Propellant Loading Calculations

CONVERSION FACTORS .

xiit

Page
10-1
10-2
10-5
10-6
10-7



Page intentionally left blank



Page intentionally left blank



Page intentionally left blank



b

Biew wiht

NS |

This report presents preflight pr

{lieht. In addition it summarizes |

i
&

the general s

ment shoulc
information,

The scone of this report includes the ifollowis
I

a. Misgsion

b. Performance
c. Range Safety
d. Tracking

e. TFlight Mechanics

g, Vehicle Configu

h., Propulsion

Vehicle 8y

ot o
a

j. Weights

k. Aerodynamics

I, Physical and Atmospheric

‘;;
0

fat

~

source for AC-14 tra

racteristics for the

ion rationale.

a\/"" l_'""
is docu-

ajectory and performance




Page intentionally left blank



B wn sl

INTRODUCTION

The intent of this report is threefold: 1) to presentpre-injection trajectory charac-
teristics for the AC~14 launch vehicle, 2) describe trajectory design rationale, and

3) demonstrate that the trajectory is within allowable design limits.

AC-14 is the fourteenth Atlas/Centaur launch vehicle scheduled for flight, For the

. ~ 1 a O S o P e e Tato
QIVTH TITNE 3 MITVeVODr SD80et ld,H |I‘X“‘a\_ ..JY‘LJUD} VL.L-.. }Ju LLL]&."—IV Wi aikvw was saawal VT D22

transfer orbit. Lunar encounter will occur approximately 66 hours after injection. The

basic supporting data and criteria that have led to the final AC-14 trajectory design are

presented in the following sections.

®ix
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SECTION 1

MISSION

The AC-14 vehicle will be launched from Cape Kennedy with a flight profile designed to
inject a Surveyor spacecraift into an earth-to-moon transfer orbit. Lunar encounter
will occur approximately 66 hours aftér injection, A parking orbit mode of ascent will
he flown, i.e., two Centaur main engine powered phases interrupted by a coast phase
Flight profile design will encompass launch-on-time features required to compensate

for changing carth-moon geometry in the event of launch delays.

A summary of major parameter constraints and requirements is given in Table 1-1.

Parameter ranges indicated are operafing limits. The actual parameter values will be

ANNON-0AY/ PO T 01068 G GLIGiib .

Table 1-1. Mission Parameter Summary

Primary Launch Period 11/5/67 through 11/12/67 (GMT)

Launch Mode Parking Orbit Ascent

ETR Launch Site Complex 36B

Launch Azimuth Sector® 78 through 115 deg?

Parking Orbit Coast Time* 116 sec® (minimum) through 25 min *
(maximum)

Parking Orhit Altitude 90 n.mi.

Injection True Anomaly (MECO 2) ~4 deg

Injection Energy’ : ~1.70 through -0, 85 lkn?/g sec?”

1*‘11{; it Time ~ 66 hr

! Launceh day dependent,

Z Current lmits as ;‘«.p“z*m’cd by ETR range salety.
® Minimum ullage settling lime,

* Design limif.

® Limits used for paramelric trajectory studics

1-1
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MISSION PR ©F

o powered flighe - =ze has been shaped to maximize payload capahility within the
~ified mission, ~oniiguration, and trajectory constraints, -~ The key features of tra-

vy optimizatic zad design are presented in Section 6 of this report. Figures 1-1
1~2 illustrate .- = powered-ascent flight profile and the overall in-plane trajectory

iile for lunar erwunter. Figure 1-3 depicts the earth ground-trace envelope, dur-

. the initial 15 re. .o of flight, for the 78~ to 115-degree launch azimuth sector,

.- Atlas/Centaur ~onfiguration rises vertically from liftoff (defined as 2-inch motion
ve the launch /) until 15 seconds of flight time has elapsed. During the last 13
. onds of this int« ¢ val the Atlas-stage flight control system rolls the vehicle from the
_incher-aligned sz muth to the desired flight azimuth. The vehicle then executes a

. eprogrammed piv:h maneuver in the downrange direction, Termination of the booster-

use flight is initisnted by a staging discrete (BECO) issued by Centaur guidance when
- neceleration leve) OL 0o g's 1 seuseu, o ua&;;xuy bbxxgiué—uuuuumxd D.;.Bual i5 pLu-
,ided by an Atlag-siage accelerometer at a preset level of 5.90g's. The booster pack-

i is jettisoned . | seconds after the staging discrete is issued.

entaur-guidance steering signals are admitted to the.Atlas-stage autopilot eight sec-
s following BJ .0, and the system dperates in a closed-loop mode throughout the
;enainder of the Hight. During the sustainer-phase flight, insulation panels and nose
jiring are jettizoned, The sustainer phase is terminated by a discrete (SECO) from a
sressure sensor i the fuel manifold in response fo oxidizer depletion and causes the

Custainer and vernier engines to be shut down. A short time later (2 seconds) the Atlas

Stage programimer cnergizes the electrical disconnect, fires the flexible linear-shaped

Cliarge to separate e Centaur stage, and fires the eight Atlas retrorockets to back the

Stlas away from the Centaur,

Prior to SECO the Allas programmer initiates the Centaur-stage prestart sequence,

fie boost pump: ave started and brougit up to speed,

Ty 1 el 41
POV LBYCuUZn Lhe

1-2
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Centaur fucl and oxidizer system, chilling down the hardware fo preclude cavitation at

Centaur first main engine start (MES 1),

The signal for starting the Centaur main engines is issued by the guidance programmer,
Guidance steering commands are nulled at SECO and readmitted at MES 1 + 4 seconds,
after the engine start transient has passed., Centaur first main engine cutoff (MECO 1)
is commanded by the guidance system when the required circular orbit insertion condi~

tions for a 90-nautical mile parking orbit are almost achieved.

Subsequent to MECO 1, two 50-pound thrust rockets provide initial propellant settling
and circularization of the parking orbhit. After the initial propellant settling phase is
completed a‘ set of two 3-pound rockets provides a continuous propellant level control
throughout the parking orbit coast phase watil initiation of the prestart events for Cen-
taur second main engine hurn, The vehicle attitude during parking orbit coast is
aliomad with the inartial veloeity vectnr via steering commands issued by the guidance

system,

Centaur second main engine start (MES 2) is preceded by operation of the two 50-pound
rockets to ensure positive propellant settling. - During the propellant settling phase the
boost pumps are restarted and the main engines again chilled down., Guidance steering
commands are nulled during the first four seconds of main engine operation and then
readmitted, The Centaur second main engine cutoff (MECO 2) is commanded by the

guidance system when the required injection conditiong are achieved,

Subsequent to termination of Centaur second powered phase, the programmer provides

timed discretes for: (1) separating the spacecraft from Centaur, (2) reorienting

Centaur 180 degrees with respect to the velocity vector at MECO 2, and {(8) venting
propellants through the engine thrust chambers and vent valve for retrothrust,
ht events and associated times is presented in Section

A detailed sequence of major flig

>
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Pleure 1-1. Powered Ascent Flight Profile
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1.2 SEQUENCE OF EVENTS

The sequence of events for the AC-14 ascent trajectory and assocated nominal times,
based on References 1 and 4, are listed in Table 1-2. Event times are presented in
order of occurrence and are referenced to launch vehicle 2-inch motion (liftoff).
Nominal times are based on a trajectory simulation targeted for a launch date of
11/7/67 and azimuth equal to 78 degrees. Nominal times for other azimuths and launch
dates are within 0,01 second of Table 1-2 values through Centaur main engine start.
MECO 1 and on nominal times vary from trajectory to trajectory due to performance

changes resulting from launch azimuth and transfer orbit energy variations with launch

time.

The nominal MECO 1 discrete can occur between B+329.4 and B+331.8 seconds (ref-
erence 2), After adding a 3 ¢ uncertainty of -7.5 and +8.5 seconds (reference 28) the

MECO 1 discrete can now occur between B+321.9 and B+ 340.3 seconds. The Enable-

MECO and MECO-Backup diScretes are givel di b+ ouv. U @il b 1 000, & musviesss « wop ol

tively (reference 1). From Figure 1-4 it can be seen that the MECO 1 discrete is with-

in the allowable range.

MECO
BU
ALLOWABIE RANGE i
-~ + / / 7
/// ////// . //// ///// 2 ;;;?é
/ o /‘// . // / :2/
0 . ) 340.3 356.
300 321.9 I R 5. &
RANGE
329, 4 331.8

Figure 1-4, MECO 1 Compatibility




GDC-BKM

67-0064

The MECO 2 discrete can occur nominally hetween D+ 172.2 and D+ 173, 6 seconds

(reference 2). With a 30 uncertainty of +£2.7 seconds (reference 28) the MECO 2 dis-

crete can now occur between D+169,5 and D+ 176.3 seconds. The Enable~-MECO and

MECO-Backup discretes are given at D+143 and D+ 192 seconds respectively (refer-

ence 1), From Figure 1-5 it can be seen that the MECO 2 discrete is within the allow-

able range.

ENABLE
MECO

ALLOWABLE RANGE

MECO
BU

77 7
7 7
143 169.5

i
172.2

Tigure 1-5, MECO 2 Compatibility

| NOMINAL
]

AVLIIN TS

| -

173.6

176.3

192

The uncertainty range of BECO is +2., 6 seconds which establishes its lower limit at

151.1 seconds. Enable Staging occurs at 148 seconds which puts BECO within the

allowable range,
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Table 1-2. Sequence of Events®

EVENT

TIME (sec)

TIME (sec)

Two—lnch Motion (Liftoff)
Start Roll

End Roll

Start Pitchover

Inable Booster Staging

* Booster Engine Cutoff (Guidance Discrete, Staging
Acceleration 5,7 g's)

*Jettison Booster Package

Admit Guidance Steering
*Jettison Insulation Panels

Start Centaur Boost Pumps
*Jettison Nose Fairing

Enable Atlas/Centaur Separation

TDUSIAINET LURILE UULULL (9150U; Wy ©4upoiidig

Depletion)

Inhibit Guidance
*Atlas/Centaur Separation

Fire Atlas Retrorockets

First Prestart (Centaur Engine Chilldown,
MES 1-8 sec)

*First Centaur Main Engine Start (MES 1)
Admit Guidance
Enable First Centaur Main Engine Cutoff

*TFirst Centaur Main Engine Cutoff (MECO 1,
Guidance Discrete)

Start Ullage Motors (V?)

a1 S N T R = . P . .
Parking Orbit Coast Time is 15.2 minutes.

“ See Section 8.2,2 for Engine Desienation.
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Table 1-2, Sequence of Events® (Contd) {

* EVENT TIME (sec) TIME (sec) .
First Centaur Main Engine Cutoff Backup (MECO 1 BU) C + 3565 T + 605.3

* Stop Ullage Motors (V®) and Start Propellant Settling C + 407.4 . T + 656.2
Motors (5°)
Guidance Discrete (L 1) D + 0 T +1429.7

*Stop Propellant Settling Motors (S®) and Start Ullage D+ 20 T +1449,17 ?'? '
Motors (VZ, MES 2-40 sec) | b
Start Centaur Boost Pumps (MES 2-28 sec) D+ 32 T +1461.7
Second Prestart (Centaur Engine Chilldown, MES D + 43 T +1472.7
2-17 sec)

*Second Centaur Main Engine Start (MES 2) D+ 60 T +1489.7
Stop Ullage Motors (V=) D + 60 T +1489.7 7
Inhibit Guidance D + 60 T +1489.7 =
Admit Guidance D+ 64 T +1493.7 H
FNADIE Secong Geninsr el SuEins Culoil = a2 Ty 1ETO T =

*Second Centaur Main Engine Cutoff (MECO 2) and D + 173.1 T +1602.8
Inhibit Guidance
Second Centaur Main Engine Cutoff Backup (MECO D+ 192 T +1621.7
2 BU)
* Extend Surveyor Landing Gear D+ 194 T +1623.7
* Unlock Surveyor Omni Antennas D + 204.5 T +1634.2
*Turn on Surveyor High Power Transmitter D + 225 T +16564.7
*Separate Spacecraft Electrical Disconnect D + 230.5 T +1660.2
¥ Separate Spacecraft D + 236 T +1665.7
Admit Guidance D + 241 T +1670.7
*Start 180 Degree Turnaround D + 241 T +1670.7 ;ﬁ
¥ Start Ullage Motors (V?) D + 281 T +1710.7 =
* Stop Ullage Motors (V¥) D o+ 301 T +1730.,7
¥ Start Retrothrust Do+ 476 T +1505.7
" Stop Retvothrust D o+ 726 T 4+2155.7
Start Ullage Motors (V7) Do+ 726 T +2155.17
* Energive Power Chanseover Switch Do+ 826 T +22505.17
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1.3 TARGETING.

Targeting is the trajectory design procedure used to determine the required navigation
for achieving the prescribed target conditions, This procedure involves an iterative
process of improving starting values until desired landing C(;nditions are met, For
Surveyor missions, the landing conditions are specified to Convair by the Jet Propulsion
Laboratory. The specified end conditions (Table 1-4) are: selenocentric latitude,
selenocentric longitude, unretarded landing velocity, and earliest lunar arrival times.
Three end conditions are satisfied in the fargeting procedure. Thig requires at least
three independent injection parameters which influence the lunar landing. The inde-
pendent targeting variables used are launch time, parking orbit coast time, and injec-
tion energy for a given launch azimuth. In the targeting procedure, the first three end
conditions are satisfied and then the arrival time constraints are checked. If the tar-
geted arrival time is not equal to or between the specified arrival time constraints, the

unretarded landing velocity is allowed to vary from the specified value in order that an

—d P B U Ui NN, R Xu U SR B
WA LAY Gt Gridits Wil vl veadny wisda niv aiawve

The results of fargeting are the launch-day-dependent guidance constants, the launch-
azimuth/launch-time relationship, and performance and trajectory characteristics. The
time-dependent launch parameters obtained from the targeted {rajectories are assem-

bled to form "firing tables". Firing tables are used for
a. Establishing the launch-~day-dependent trajectory data.
b. Establishing the launch-day-dependent guidaﬁce constants,

c. ‘Establishing the launch azimuth settings and the time interval in which these launch

azimuth setlings can bhe used,

The day-dependent constants and the azimulh/time relationship are, generally, deter-

mined only once because they are not greatly influenced by subseouent launch vehicle

'
o

contiguration

20 T P PP by ey yn e o e ] \ T 1
Periormance and (rajeci harvacteristics, however, must
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usually be redefined to reflect configuration changes. IFor detailed information regard-

ate)

ing targeting, the reader is referred to the AC-14 Firing Tables report, Reference 2. o

1.3.1 GUIDANCE CONSTANTS

The launch~day~dependent guidance constants (the J constants) are used along with
launch time to determine the prelaunch guidance parameters used in the guidance in-
flight equations fo generate steering éigﬁ&ls. The computation of the guidance param-
eters takes place during the prelaunch phase after the GO TO FLIGHT MODE signal

is issued. Several hours prior to this, the day-dependent guidance constants are stored
in the guidance computer, and then read out for verification,

-

1.3.2 LAUNCH ON TIME

The launch time required for determination of the guidance prelaunch parameters is

calculated when the GO TO FLIGHT MODE signal is issued. About two hours prior to

e Upuinng of o HBring rindow [Coction 1 2 AN e L ATINGH ON DI U sienal is
issued. The elapsed time following this signal is measured and stored by the guidance
system., When the GO TO FLIGHT MODE signal is received, J(1) is subtracted from
the elapsed time, and the resulting value is used for calculation of the prelaunch pavam-

eters

For the AC-14 mission the CCLS (Computer Controlled Launch Set) will provide the

LOT signal. The GMT of Prime LOT and the original J1 are inputs fo the CCLS ground

computer. When the LOT signal is issued the difference between the current GMT and

. . . : o . &

the GMT of Prime LOT is calculated and the J1 and JSUM constan{ modified accordingly. 3

. ey [

1.3.3 LAUNCH AZIMUT'H I
A prelaunch task, independent of the geidance system, bui launch-time~dependent, is

setting the launch azimuth, The azimuth setting determines the orientation of the tra-

jectory plane through the Atlas booster phase, This function is performed by selling

1-1%2 £
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the voltage applied to the Atlas roll position gyro torquer. The input voltage causes the
gyro output axis to be torqued at a constant rate to a known angle. The autopilot senses
an off-null gyro output and commands vehicle roll rates to null the output. This maneu-
ver is performed during the vertical rise immediately following vehicle liftoff (roll

maneuver starts at 2 and ends at 15 seconds after liftoff).

1.3.4 FIRING WINDOW

In addition to time-dependent data for guidance and autopilot systems, data for select-
ing firing windows are needed. TFor targeting purposes, the firing window is defined as
the gross time interval of permissible launch, considering only 1) the established
range safety constraints (launch azimuths of 78 to 115 degrees) and 2) basic launch
vehicle constraints, i.e., acceptable Atlas/Centaur performance capability (for the
specified targeting criteria and spﬁcecraft weight) and parking orbit coast time within

the design limits of 116 seconds to 25 minutes.

While the firing windows are established by Convair for the above constraints, launch
windows (the time intervals during which the actual launch will be considered) are based
on additional range safety, launch vehicle, spacecraft, mission, and range support con-

straints set by NASA/LeRC, JPL, and Convair,

Data required for selecting the firing windows include the time variation of Centaur ex-
cess propellants, the relationship of excess propellants to the probability of sufficient

fuel aboard to accomplish the mission, and the launch-azimuth/launch-time functions.

The relationship between Centaur excess propellants, launch azimuth, and parking
orbit coast time as a function of launch time is shown in Figure 1-6 for a typical launch
window (launch date - 11/7/67). Excess propellants are defined as the total weight of
usable fuel and oxidizer remaining at the completion of a standard nondispersed trajec-

A

tory (a nominal trajectory). A negative value of excess propellants represents a condi-

tion where the propellant supply for a nominal performing flight is depleted before the

1-13.
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terminal conditions required to perform the intended mission are reached. Figure 1-7
presents nominal excess propellants as a function of the probability of sufficient fuel

aboard Centaur to perform the mission.
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Firing window data, based on targeted results are presented in Table 1-3.

Table 1-3.

Firing Window Data AC-14

FIRING WINDOW

OPENING CONDITIONS?!

FIRING WINDOW
CLOSING CONDITIONS?! -

TIME® TIME® WINDOW

(GMT, |AZIMUTH|POCT?} (GMT, | AZIMUTH|POCT?|LENGTH
LAUNCH DATE  }hr:min) (deg) (min) {hr:min) (deg) {min) (min)
5 November 1967 6:47 78.039 9.490} 9:12 83,862 | 1,942 145
| 6 November 1967 *l 6:53 78.054 112,265] 10:13 106,165 | 1,957 197
t 7 November 1967 6:55 78.036 |15.128] 10:53 114,945 | 2.992 238
* 7 November 1967) 6:55 78.014 15,171 10:53 | 114,854 3.033 238
8 November 1567 6:56 78.025 18,0361 11:03 | 114,768 5,446 247
9 November 1967 6:56 78.028 {20,881} 11:12 | 114,880 7.840 256
10 November 1867 ’ 6:56 78.080 (23.668] 11:20 | 114.914 ;10.230 264
11 Mevember 2207 ) 7.02 2 2EE 04 070 171.00 14, 038 119 RTRL . Y44
12 November 1967 8:16 89.645 124,992 11:37 | 114.917 (14,848 201

! See definition in Section 1.3.4.
2 Parking orbit coast time (POCT) is defined as the time interval from first Centaur

main engine cutoff to second Cenfaur main engine start.

2 Liftoff time (two-inch motion).
% Gite A 0.83°N Latitude and 24.00°FE Lengitude.
®Site B:  0.42°N Latitude and 1.33°W Longitude.




1.3.5

TARGETED DATA

The information presented herein was obtained from closed-loop guidance targeted tra-

GDC-BREGT-064

jectory simulation data contained in Reference

Is3
Lig

based on References 3 and 3.1, are presented in Table 1-4,

Table 1-4.

Target Criteria for AC-14

The AC-14 target criteria data,

|
|

LANDING LOCATION
SELENOGRAPHIC

ARRIVAL TIME
CONSTRAINTS
EARLIEST ARRIVAL

. IMPACT
{  LAUNCH DATE LATITUDE |LONGITUDE| SPEED DATE GMT
| DAY MONTH YEAR|  (deg) (deg) (m/sec) DAY MONTH YEAR |[HR MIN
: 5  Nov. 1967 | 0.83N 24.0F 2635 7  Nov. 1967 {22 53
| 6 Nov. 1967 | 0.83N 24, 0F 2635 8 Nov. 1967 |23 30

7  Nov. 1967 | 0.83N 24.0F 2635 9  Nov. 1967 |23 58

7 Nov. 1967 | 0.42N 1.33W 2635 9 Nov. 1967 {23 58
| 8 Nov. 1967 | 0.42N 1.33W 2635 |11  Nov. 1967 |00 24

9 Nov. 1967 | 0.42N 1.38W 2635 |12 Nov. 1967 |00 54
10 Nov. 1967 | 0,42N 1.33W 2635 |13 Nov. 1967 |01 24
, 11 Nov. 1967 , 0.42N 1.33W | 2635 |14 Nov. 1967 |01 49
12 Nov. 1967 | 0.42N 1.33W 2635 |15  Nov. 1967 |02 15

Nominal ascent trajectory data for this flight are presented in Figures 1-8 and 1-9,

These data reflect typical tracjetory characteristics and are based on the August 1967

issue of the Monthly Configuration, Performance, and Weights Status Report.*

The depicted trajectory parameters in Figures 1-8 and 1-9 and the assgociated defini-

tions ave presented in Table 1-5,

Y Appendix A,

AC-14 (bwo burn, closed loop) trajectory

simulation,




(z 30 T 12°18) mwgwﬂmmmm Auvyoeleay eseud SeQly °"9-T1 oIndLy
(DzEg) 1 ZIOLIATI WOEL T

R i R s et

.

V“ﬂk—ﬂ

-1




(7 70 7 19°yg) saeteweled Axxoolex] osevyd Sepyy

{OFES) 3 ‘AIOLATT WOUA IW

-1 2an81T

I

s
s

T
.

&‘({’ :

T

TN
LY




(g 30 T 1004Q) saojoweing A 01oofex] 9SBYg anwius) °g-T oamSig
{0TS) 1 “AI0TATT WOUY TWIL

0%%

Bhdisr i
SEW

HILAWIZY

2L

FHIVT

o gy




&
=t
Fry

(7 10 7 100ug) sxotewrIBg A10303 BII 95BUJ JnBIUS) “g-T oI

{(DES) 1°7 ST WOHA TWILL

jazs

0g

008

HLVd

v
o
[awe]
]

Nk

I E0 SN

XL

a
13

18/

r

(o

B

4

1D 8L = HINWIZY
unbm\b\ﬂ THIVA

i R SR RRRER n e I




[E——1

Rfisinadi

bvraeoserindd

Table 1-5. Trajectory Parareters

PARAMETER DEFINITION
Altitude Geocentric altitude above reference ellipsoid
Reintive Velocity Vehicle gspeed relative fo the air
Inertial Velocity Vehicle speed relaﬁve to a space fixed coordinate system
CPHaTE Mk Angle Angle between the relative or inertial velocity vector and

the local horizontal plane’, measured positive above and
negative below the horizontal plane

Axial Acceleration The longitudinal component of thrust less drag divided by

weight
Dynamic Pressure Aerodynamic loading term equal to one-half the product of
) ambient air density and airstream velocity squared
Mach Number Ratio of vehicle speed (with respect to air) to the speed of
sound

1 The local horizontal plane is a plane normal to the geocentric position vector.

1.5 ORBITAL ELEMENTS

Nominal orbital elements of a) parking orbit after initial ullage settling phase,
b) spacecraft at time of separation from Centaur, and c) expended Centaur stage at
end of retromaneuver are summarized in Tables 1-6, 1-7, and 1-8 respectively. Fig-

ure 1-10 presents orbital parameter definitions.

1.6 CPNTATJR RETROMANEUVER

For operanonal Surveyor, the spacecraft will be oriented with respect to the sun and
the star Cancopus, Sun orieniation will be accomplished shortly after spacecraft separa-
)2

tion, following acquisition by the Johanneshurg Deep Space Instrumentation Facility

(DSIT). Star orie i b be initiated until the separation distance between the

taur will be rotated approximately |

J

Cen




Nominal Crbital Blement ttling Phase

Table1-6. Parking Orbi

LAUKCH DATE (r/D/YI COLUMN 5 ECCERTAICTTY COLUBKR 9~ YTRUL AKUHALY (DEGY
FLEGHT &7 imute (GOGY Covurn &= 1 PRATIGH (086} 10~ PIRIGEE &1 0T tHoEE. )

EPOOH (SECGHOS FROW LIFTOIE! (OLUNA T~ LOXGETUDE OF LSCEMDING HOOE (DEGH 13- AFGGEE ALTEYUDE {H.R1ok
SEMINAJOR AXIS {RMRIGE CULURN  B- ARGURENT OF PERIGEE (DEG) 12~ FERIGO (OAVSE
N - L3~ COAST Tiwe, RECOY YO REGE (RIRE
i 2 3 ) s 3 ¥ [ ¢ it 12 13
(itr 5/8% 16 685.62 3531.00 0,00104 30,29 290,76 284,79 ~189.9% 20,76 G.061 9.52
i/ 5767 Bl 655,62 3531,3T  0.00095 29.43 285.33 291.24 -191.76 ©0.78  0.081 7.83
117 5768 86 659,62 3531, 73 0.00086 28.6F 219.8% 298,49 ~193.9% §0.62  0.061 to22
11/ 78T 81 655,62 3532,08 0.00017 E73.7% 306,31 ~190.60 §G.&1  C.08L 4410
11/ 5747 L) 645,62 1532442 0.0006% Zet.e)  3a.8s 199,88 $G.91 0084 3.3¢
11/ 4747% ey L84, 77 3532.,69 0.0600C63 260468 313,67 «203.5¢ $G. 56 O.08¢ Eedd
187 6767 FE 855,62 3931,09 0.00104 290.F6 EEALTY -1ER.953 0,74 0.061 12.%0
A 17 6767 &1 L8562 3531,37  0.060093 283,33 291,34 ~191.T4 §0.78 g.0861 10480
117 667 84 655,62 3531,13  6,06086 BiR.LE 298,4% -193,94 £0.82  G.081 €23
VL7 676 BT 855,62 3532,06 0.60071 275,77 308,31 -1%6.,60 40,217 0.061 F.45
{1/ 6761 80 855.62 5512,42  0.0008% 267,61 314.84 -1%9.85 §e.88  0.081 &tk
117 o/ed §3 855,062 $532,76  D.00068 26185 324410 ~2103.99 %G58 Q.01 £.58
117 /67 56 655,62 3533,06 0.00054 255,99 334,81 =209 $1.08 0.064 467
117 6761 §%  £53,87 1533.38  0,00047 150,032 346,07 -215.37 §1.09  0.0s1 8,60
LU/ 6/4T 102 655.6% 3533,65 0.00042 5,60 359,62 ~224.11 gL.18 B.bel 2,85
11/ 6767 105  893.51 1533,92  0,00037 ir.66 125,70 .30 0.08l 2.2
tL7 6761 106 655,69 3524,02  0.00038 Z&e.l’ 19,17 121.5% 91435 g. 061 i.o0
(117 7/61 T8 655.62 3531.00 0.0010% 260.786 284,79 -169.9% §0.T4 6.081 15.1¢
tis wer 81 655.82 3531.3)  €.DOCSS 285,53 241.34 —)8L. 06 0,18 .06l 13.68
117 16T EB6 £5%.62 31831.73  0.00086 279,64 296,49 -193,9% 90,862  0.061  12.47
117 76T 8T 855.62 3532,08 0.00077 273,17 306.31 -196.60 90,67 0.061  L1.1B
11/ 161 %0 b6%5.82 1532.42 ©.,00069 28.31 287.81 314.84 -199.82 90,91  0.0¢1 §.90
117 1761 83 635,82 31632.74  0.00061 28.4% 261.%3  324.20 -203.99 40,26  0.061 6.71
117 167 a4 L3RR R 1331,04 Q.000%4 18,84 EFRE,9Y  PRA4EL <ECWALT LAWY -2 [-TX-L3} A F1:2]
ths tretr 5% 653,83 5533 .86 G.G00&T 19.8% 253,82 546,07 -213.77 $1.,0% .06l &6
117 T/67 102 653.62 5333 ,65 0,00042 30.36 244,50 339.02 ~224.1L 9L.16  0.CH1 5,76
[L7 /67 1G5 655.62 3533.93  0.00037 3l.¢% 238,78  13.75 125.¢0 91,30 0.061 4.8
1/ 1767 108 856.76 3534.27  0.00034 32.72 234.2%  33,8% 109.62 $1.54  0.081 4.30
11/ 6T 111 8%6.76 3534.52  0.00034 3417 230,53 50.59  96.57 91.77  0.061 3.7
11/ 16T 11k 651,99 1534.63  0.0003% 35.7F 226,40 £9.64  E0.%4 92.13  0.061 3.16
K17 14ET 115 657,90 35§34.90  C.00036 36.33% 225.09  74.39  77.24 §2.24 0.0s1 3.03
117 B/67 18 655.62 33531, oo 0.00106 30.29 290,76 284,79 -189.95 63.36 90.74  0.Gsl  1&.06
11/ 8767 81 655.62 3531, 0.00095 29.43 205,33 291,34 -19i.76 064,07 90.76 0.061  16.80
11/ 6761 84 655,62 3)31‘73 0.60036 28,61 279.64 298.49 ~193.94 €4.15 $0,82 0.061  15.53
117 .8/67 BT 655.62 3532108 0.00077 28.43 273,17 306.31 ~196.60 85,41 90.67 0,061 14.26
It/ 8761 90 8%5.562 3532.42  0.00069 28.31 267.81 314.84 ~199.88 66,04 §0.91  0.06}F 13,00
11/ 8767 93 655,62 3532.76  0.00061 28.45 261,85 324.20 -203.%9 66.65 $0.96 G.061 11.80
117 8767 96 655.62 3533.06 0.00054 28.84 255,89 334,51 -209,17 57.22 91,02 ©0.061  10.65
11/ 8/67 93 655.62 3533.36  0.00047 29.4%  230.32 346,07 -215.17 87,78 91.0%  0.061 §.60
11/ 8/6T 102 655.62 3333.65 0.00042 30,36 244,90 359,02 -22%.11 &5.24 91.18  0.061 8.63
i1/ 8/67 105 655.62 3533.93  0.00037 31.44 239.76  13.75 125.60 Ge.&7 91,30 0.0sl 1.76
117 8767 108 656.16 3535, 27 0.00034 32,72 234.98 33,84 109.62 69,12 Y1.54  0.06% 6.96
11/ 8767 111 658,76 3534.52 0,00036 34,17 230.53  50.%9  S&,5T 6£9.3% 91,71 0.081 6,26
114 8767 11k 657,90 3534, 83 0.00035 35.77 226,40  69.64 80,94 89,64 92.13  0.0s1 5.61
L1 8/67 112 65130 $538.50 0 UVU3E  80:33  (LPaUT RS tlee~ ©7.0v Yoot Vivla PSR '
117 9767 18 655.62 3531.00 0.00104 30,29 290,76 284,79 -16%.95% £3.38 $G.T4  0.061 20,91
11/ /67 B1  655.62 3531,37  0,00095 29.43 265,33 291.34 -191.76 &4.07 $0.78  0.061 19,13
11/ 9767 B4 655,62 3531.73  0.00086 28,61 279,64 296,46 ~193.94 64,73 §0.82  0.061 16,51
11/ 9761 6T 655.82 332,08 0.00077T 28.43 273.77 306,31 ~156.60 65,41 90,67  0.061  17.28
11/ S/6T 90 655,62 3532.42  0.00069 28,31 267.8]1 314,84 ~199.88 64,04 90,91 .01  16.06
11/ 9767 93 6%5.62 31532.74 0.00061 28.4% 261.85 324.20 -203.99 66,63 $0.96 0.061  14.63
tL7 9767 96 635,82 3533.06 0,00054 28.8% 255,89 334.51 -209.17 &7.22 §1.02  0.06F  13.63
11/ $/67 99 855,62 3533.36  0.00047  29.4% 250,32 346,07 -215.71 61.74 91,09  0.061 12.51
117 9767 102 655.62 3533.465 0.06042 30.36 244.%0 359,02 -224.11 66.2% gl.i6  0.061 Ll.e&s
11/ 96T 105 655,62 3533.93  0.00037 31444 239.78  13.75 125,50 86,67 91.30  0.081  10.49
1t/ 9767 108 656,76 3534,27  0.0003% 32.72 234,96 33,84 109.62 69.12 91.%  0.061 9,60
b/ 9767 1IL 656.74 3534.%2  0.00034 34,17 230.53  50.59  96.5T 89,38 @1.TT  0.061 e.e0
BC 117 9767 114 657,90 3534443 0.00035 35,71 226.40  69.64 60,94 £9.64 92.13 0,081 8.04
1L/ 9/67 11% 651,50 3534.30  0.00036 36.33  225.09  74.39  T7.24  £9.69 92,24  0.081% T.61
11710767 16 855,62 3531,30 0.00104 30.29 290,76 264.79 -189,95 63,38 $0.14  0.081  23.72
11710767 81 853,62 3531.07  0.0009%5 29.43 285,33 291,36 ~151,78 B4.07 90,18 0.081 22,60
11710767 64 855.62 3531.73  0.00086 28,81 279.64 295.49 -193.94 64,75 $0.82  0.061  21.44
117106767 &1 655.62 3532006 0.00077 25,43 273077 306.31 ~196.60  85.41 90,67 0.061 20,24
11710767 60 655,42 3532.42  0.00069 8.31 261.81 314,84 -199.58 86.04 90,81 0.06F  19.02
1110767 93 655,62 3532, 24 0.00061 28.45 261,85 324,20 -203.99 66.65 §90.96 0.061  17.79
11710767 96 655,62 3533.96 0.,00054 25.64 255,99 334,51 -209.17 67.22 91,62  0.661 16.55
11710767 8% 655,62 3533.36  G,00047 26449 250.32 346,07 =215.11 67,76 91.69  0.081  15.33
PE710/6T 102 655.62 3533005 0.00042 30,386 244,50 359,02 ~225.11 68,24 91,16 G 061 14,26
11710767 103 65%.82 3833.93  0.00037 31,46 239,78  [3.75 125.60 68,67 51,30 0.081 13.2%
11710767 108 636,74 3534.27  0.00034 32,72 234,98 33,84 109,62 &9.12 Si.54  0.061 12,22
1171067 1iL 656.76 3534,52  0.0003% 34,17 230.53 50,59 95,57 69.38 SE.TT 0.061  3l.31
11710767 114 &57.90 3536.33 0,00035 35,71 226440 69.6%  B0.94 09.64 92,13  0.G61  10.417
11/10/6% 115 657.90 3534.30  0.00034 26.33  225.0%  T4.39  TT.24 69,89 $2.24  0.051 10,21
11711767 B2 655.62 353119 0.000692 29.20 262.46 293.6% ~192.44 64,30 90.60 0.06F  25.0%
1L/11/6T B4 E55.62 3531, 13 0.000B6 26,81 279.6% 298.4% ~193.9% B4 TS §0.82  0.081 24434
11711767 81 655,62 3537.08  0.G0077 28443 2¥3.77 300431 -196.60 85.41 90.57  0.Gel 3,17
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/16T 83 655,62 3532, 1% 0.00061 26,45 261.5% 326,20 ~203.%% 56,65 §0.86  0.081  20.72
11711767 6 655.62 3533.06  0.00054 26484 253,99 334,51 ~209.17 87.22 9102 .08l 1V.44
176 99 655,62 3533,106  0.00047 250,32 346,07 -215.77 BI.Te 91.09  C.pol  16.21
TL/71176T 102 655,62 3533,065  0.00042 32.30  244.90 359,02 ~226«1} 66,26 $i.18  0.Gat  17.01
t1/11767 105 655,42 3833,93 G.CO03E P4 13.75 1E%.60  BB.4T 41,30 C.Gel 15,87
FI1E/6T 108 656.18 1636, 47  €.00034 LEE 33084 10%.62 S1.54¢  D.psl 14,72
1L/1L/6F 1iL 656,76 3534,%2 O 335 50.57  S6.%57 10T C.ost pr.E0
IR A A ST S 1 3534.143 L0 69084 £0.9% 52,013 0.GsL 12,85
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al Blements at Time of Separation from Centaur

Ponid 0T, Spacecrafl Nominal Ol

COLUBH 1~ LAURCH DATE {K/D/Y) cotunk  §o CCCEMESIETTY COLUKK 9~ TRUE AHOMBLY (U€E1
COLUMN 2= FLIGHT AZ{HUTH (DEGH oL &- INCLEHATION 16 COLMN 10- PERIGEE ALTITUOE (R.RT.E
COLUNK 3~ EPOCH (SECONDS FROM LIFYOFF) Fo LOMGLTUDE OF ASCEHDING HODE (DE6) COLUKK Y1- APCGEE ALTITUDE {HoMidd
COLUHR &~ SEMTMAJOR AXES (MH.HLIVI H- ARCUMENT GF SERIGEE L0861} COLURK XZ-viEMOQN(DMS[

1 7 3 & 5 6 1 5 4 10 1 12

r 1if 5787 T8 1327.10  164366,94 O0.9764%  30.30 287.29 133.02 10,79 91,92 ~5217%4,08 19,265
tis 5767 81 122564 163769, 18 29.%4% 232,90 130.8% 10,73 92.21  378559.472 19.98%
117 5767 66 1128.T7T4 jT1365.89 & 8,84 QPTV3IP 129.18 10,80 92,42 335750.%9 20.5%%
117 5767 87 1037.%6 173581.07 1hG 28,44 2T2.0% 0 123.00 1080 82,57 3:0781.69 21.049
117 5/61 0 957,74 114087.5%5  0,97949 28,32 2664514 12¥.88 1078 92.64 341194.%9 21,087
11/ 5767 93 BO0, 48 174243.31 Q.91910 28,43 280.91 128444 10,80 S2.65 341508.09 214115

30,34 28T. 03 1aa,23 16,79 Gl.6d  344043.13  21.348
29439 282.27 142.8% 10.7% 91,80 323513128.42 21.996
JBCRT 216.TH 142.05 10,56 52,049 356944,33 22,53%
28,50 271,22 % 52 10.7%  92.32 357098.6% 22,548
28,30 263,73 i%1.33 10,77 ©2.%5 357539.%2 22.58%
28.90 2u0.13 1xl.73 10.80 Y2.60 357522.59 22.581
28,83 5%.¢F 147,78 1037 22,67 35776%.08 22,610
29,53 286493 l4x.aw 1T 9270 358073,72 22,639

117 6767 T8 1493.54 L75501.24 ©.97%&8
11/ 6767 Bl 1403.48 179053.5% 0.¢302%
: AN 117 6r67 8% 1315.70 181%62.25
o 117 6767 67 1232.%6 182039.4%
1L/ 6767 80 1154,96 18225%9.95
114 6767 93 1085.42 162252.04
117 87617 96 1023.586 182378, 82
117 6767 8§39 $71.42 1B82527.1%

. : 117 6767 102 926,96 tRZAZT.1S 30,80 LO.BL  $2.6% 2582013.80 22.657
: 11/ 6/67 103 eRE.20 182679.18 31.3% 1052 92.67F 25A317.80 22.867

. 117 6767 106 875,66 1B2807.09 31.68 1076 92.67 338633463 22.891
(117 1/61 18 i866.82 1ATB31. 30.3¢% 10,81 G0.88 3086668.26 23,63)

' 117 1767 Bl 1953.560 188445, 25,23 1079 91.7%  38%711.30 23,748
ey 117 1/87 84 150380 1BAES?, 28,82 10.78  91.58 37020v.%88 23,7710
: 117 1767 87T 1426.25 188825, 28457 10.82 ®l.d7 370671.56 23,820
[ 1y 1767 90 1349.90 188947, £5.482 Lo 77 §2.12 370%04.87 23.84%2

§ iYr 1767 93 1276.08 1BRI95. 28.%8 10,77 92.33 371010.90 23.853

? 17 1787 S6 1211.56 iA83005.1 28,78 10,77 S2.38& 371031.92 23.653
17 1767 9% 1152.606 (B90Z2. 2939 10,717 92,59 271065.49 23,838

11/ 1767 102 1100.24 (85051, 7 33,32 1070 92.68 37T1123.03 23.863%

187 W8T 103 10%4.6& 16%08L.
* 18/ T/61 1G5 1014l
- . 11/ 7767 111 979.40 93
14/ 767 114 S46.62 18582¢.27
L1317 7767 135 §39.50 1EETL9.E%

3i.51 230.03  158.9) L0.78  $1.6%  311181,9% 23.80¢
32,835 233.3% 16G.2¢ 10.80 93.73 3F1092z.%3 23,800
33,30 229010 181493 10.¥9 92,71 3¥0917.31  23.84%
I5.F9 22517 162472 1079 ¥2.649 370871.96 23.82u
36350 223.9% 143.0% 10,81 $2.67 370559.19 23.810

30,33 285.71 165,00 10.84 9024 37156H1.93 24,294
27434 280.46  YETLS0 10.86 90.61 375801.61 24,288
6,79 215020 167,30 10.83  S0.STF  2T5718.99 24.299
8,530 265.6% 1867.10 10,51 S1.3%F 376069.57 24,333
28,40 Ze4.04 167443 1079 %1l.62 375941.19 24,321

117 6767 76 1838.9&% 191320,03
itr 8767 &1 1763.,72 19429¢.05
117 8767 B4 15687.34 191368,%2
{17 B/61 61 1610.96 191525.38
117 8/61 90 1%35.72 19146D.35

- 117 /67 93 14563.8%0 19148700
117 8767 §6  1394,36 {91430.3
1l7 8767 99 1331.66 191524,
11/ E/67 102 1273.52 191433,
11/ 8767 109 1225.03 191423,

26,52 3640 167,49 10.63 91.69 375915.41 24.318
23.84 I52.8% lé8.10 10,77 92.13 375é81.11 24,313
B.681%4  29.4%  247.46% 1o0.68 10463 92.31 3760671,99 24,333
CGu9elar 30033 252051 IRATE S 10.82 S2.%5 375885.96 24.316
0.38153 3,480 1710.22 10482 92.55 375665.67 24.314

- ot JL7 87867 108 1174.34 1913439, 17E.08 10.B3 92.64  3TS5T18.51 24,300
! L e B A S S SR Rk Sk tid - tyy osg $hLRY QI.nk 375429.46 244272

; $e4 mean BV4 3AGE ¥ 3ANATE £ 172.43 16,083 92 TD  3I89LZebl g% dEw .
FE3e3) Lrcevw Ve uy AR iy -
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117 9767 T8 2009.96 191154.88
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117 9767 B4 1B6566.32 191176.11
117 9767 &7 1¥52.22 191183.40
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117 9787 96 1573,34 191095.%0
i/ Sf6T 82 1506.0%8  1R1G1L. 19
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kL7 9767 10% 1365.24
14 9/6T 108 1332,60
gd 1/ 9767 a1t 128892

L1/ 9767 114 1240.46 190230.70
11/ 9767 115 1226.78  190149.47

285.00 179.58 10.89 €9.58 375332.29 24.262
273,87 179.35 10.56 89,94 375332,03 24.262
ZT%. 90 179.%6 16,85 69,31 3743746,03 26.267
25893 119.65 10.84 90.87 3T 24,268
Fed. 3l 179.82 10:84 91,02 373537%.65 24,281
25T 180,05 10,66 Si.35 373261.09 25,258
252.12 182.32 10,80 91,65 375212,2F  24.251
2h6.13 18068 10,80 91.20 373043,8Q0 24,235
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230,011 EB1at6 10,086 92.28 37¢Rat.32 24,214
FEFER SRS B3 B3 10.83 92.4%6  3T4589.%8 245192
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22%.96 182065 1079 92,462 3T3580.8% 24,098
222471 182,71 Y0¥ U063 3T3318.43  24.0%1
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i 1/1as6r BT E970.04 35
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1.6 9l.xl 3TOLOL.43 0 23,757
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Table 1-8. Expended Centaur Nominal Orbital Elements al End of Retrow

aneuver

COLURER  §- LAUNCH CATE (/DY LDLUME S~ FCOENTRICITY COLUMK g~ TBUE ARDKALY (D86}
CotusE - FLIGHT AZIRUTH (DEGH COLABY b= IRCUERATION (DEGY con 10- FERIGEE ALTITUGE {H.Bio}
COLURE 3= [POCH 15TCORDS FROR LIFTOI#D COLUNKE  T- NG KDDL ADIG) COLLMK i- APOGFE ALTITUDE (HeRIol
LOLUBH. &~ SERERAJDA AXLS (Rotiy) LoLyms  &- (0LGi COLURK 12~ PIRLOD {0RYSY
1 2 3 4 4 & 1 13 ¢ 10 it 12
-
V17 5767 T8 1511,10  116640.34 0.98968 30,32 285.40 132,94 506,67 $2.47 220300.%3 11,
107 5761 Bl 1615.64 116649.80 0.97019 L36.T8 56,63 9356  23G319.15 11,663
117 6767 €& L1715.75 170345.23 ©€.5706) ; 129,00k Be.8T  §2.78  233709.80 12,120
U/ S/67 BT 1637.5% I12EEDL.4E 0, 97098 28.46 287,66 127.5%  S6.67 92,87 238022.13 12,341
4 5767 S0 1547¥.76 R21930.18 0.57099 28,34 264,02 127,51 86,66 52.99 2306879.48 12.360
17 5767 93 1A5C.&8 32223156 0.871C6 28443 255.46 125.3% 56,67 9300 237482.28 12.408
107 6767 T6 2083,54 121241.41 0.6T084 30.36 284,65 144,36 56,65 $1.7F  235503.16 12.2%¢
£{ 11/ 667 6L 1593,46 113232.6T G,STL3L 29.38 279,78 14i.TE 36,8656 92.12 239485.33 12,53¢
JL/ 6467 B& 1905.7CG 124352.30 C.9TI80  28.6% 274,26 14L.56 56,63 92,42 242024029 L2.75%
11/ 6767 BT tezi.<t 124519.50C $.87150 2 268.74 1&l.bs  S6,65 §2.6%5 247036.46 12,738
i1/ 6r67 SO 1744,96 12%687.30 0.%716s 263,27 1al,22 56,06 H2.81  24&353.91 12.%3¢
11/ 6767 83 1615,62 124769.53 0.¢716S 257467 141.63 58,65 §2.93  262558.24 12,994
1L/ 6767 %6 be613.66 12543903 O.9TI80 2€.62 252.01 132.3%  856.65 92,59 243897.3v 12,898
11/ 6767  §% 1561.42 12470330 0.9716% 29,53 286,45 124,10 58,65 §3.0) 262425.70 12,784
117 o/61 102 1516.96 124506.09 0.67166 30,42 241022 145,70 56,8638 §2.99 262627.30 12,409
117 6767 165 1878,20 124293.30 0.971%4 31,34 236,46 147,26  556.68 52,96 24160577 12.721
117 6767 106 labS.06 1:4199.1% 0.9T152 31,66 234.85 14T.T6 56,65 92,95 24l4l7.6& 12,707

21 S6.71  2l.l0  265363.48 13,011
a3 556,69 GL.50 245839.1% 13,087

(131F 1767 T 22%¢.82 125171.,23 0.97198
1/ T/67 Bl 2173,60G 126%09.286 0.97203
11/ 17617 Ba  2093.680 127364.26 0.97224 273.5%6 2 56468 SL.B2  2AYT4B.82 13.1%s
117 7761 67 2016,28 126657.9% 0.97208 267,90 &5 S0, 10 G2.12 286335.869% 13.08%

263,90 155,

155,

15s,

154,

117 /61 90 1939.90 126958.60 0.97215 ZA.44 202.28 154,70 56467 G2.38 246936.9¢ 3.033
184,

55,

156,

137,

275.0C8

11/ Y7867 €3 LBLE.CE 127474095 C.ST726 23.47 256.71% 3 56,67 92.57 2479:9.45 13,213
117 1767 g6 1501.9¢6 1270Q7C.C9 Q.97217 28.%4% 251,27 48 56.686 92,73 247159.57 13,150
117 1767 $9  1742.6% 1263%59.12 0.97212 2937 245.85 3 86,46 9Z.E2 Z4571T.54 13,118
117 7767 102 1690.24 126995,39 0.97214 30.30¢ 240,59 50 56,68 S2.81 246930,04 13,132
18/ 1767 105 164%4.64 1268666,10 (.97208 21.82 235,59 158,81 S6.6T 2,87 2486391.4%  13.0%0
117 767 108 1806.74  126278.70 0.9719% 32,686 230.92 180,14 56,68 $2.65 264%576.86 13,027
L2 767 B11 0 1569.40  128925.38  0.37191 34031 226.43 lot.42 Sbebk  S2.B1  244870.046 12.473
117 7767 114 1528.62 126172.04 0.97197 35,60 222.70 162.8) 56,66 92.13 245383.45 13,011
Y12 I7eY 115 1529.%0 135933.79 0. 97192 36,21 221.47 102,59 56,65 $2.T2 144656497 12.97%%

17 8767 T8 2426.8&6 12T57T.13 0.97230 30.34 263.24 167.990 56,75 $0.33 248176.0% 13,229
117 8767 61 2353.72 127356.69 0.9722% 29.32 2Z73.19 167.40 56,75 90.72 247734.78 13,164
Iy 6767 84 2277.34 127638.21 ©D,9723% 28,77 272.80 le67.21 B6. T3 91.09 2450697.45 13.20%
117 6767 8Y . 2200.9&6 127752.41 0.91233 28,51 247,22 1671.20 56,71 91.84 248525.61 13,258
L7 8767 90 FT125.72 1!THS4.14 0 0.97228 28.42 261.%5 167,33 56,69 S1.76 268128.64 13,225

1/ &re7 €3 2053.90 1271737.17 0.97232 28.52 253,93 167.59 56472 92,02 246B454.4% 13,254
117 es67 96 1584,38 128197.26 0.%72427 26.61 250.40 165,01 56,67 92.24 24541543 13,325
11/ 6787 99 1921.66 12T721.47 0.57231 29.42 265,01 1¢8.59 S6.T1  $2.40 246%62.65 13,251
Ti7 8/67 102 1883.%2 127607.48 0.%722% 30.3} 239.83 169,31 556,70 92.%2 248234.57 11.233
117 8761 105 1611.06 127443.52 0.97225 31,47 234.%3 176.11 56,70 SZ.5%  2475046.57 13.208
117 &/67 108 17464.34 126905,82 0.97713  32.60 230.32 170.85 56.7h  $2.64 24683110 13,124
i/ 8767 Y1t 1722.16 116%517.2% 0.9720% 34,26 226.04 171.71 56071 92.64 146053.9%6 13.06%

¥ a4y aas oan 1y osa Ba B 43 41 darn3di 33 1% nas

1H4 EBFRY 336 TAY3. ba BD¥NTFE .23 N QFPVE ¥h.3a PINGRA 172,78 86.72 Q2.%%F z6TIA1.S8% 13,150

117 9767 IO 2599.96 12T2T4.85  0D.57T224 30.33 282.32 7953 $6.79 €9.53 24¥572.28 13.162
11/ 9/87 81  2529.28 127231.81 0.97222 29.36 277.%8 19,46 S6.T8  £9.93  247489.92 13,175
117 9761 B4  2456.32 127915.08 0.9723271 28.78 212.01 T9.47 SheT& 90.29 248851.98 13,281
17 9767 6T 2352.22 127264.%51 0.97223 256.4% 246.48 1T79.35 56,74 Y0.08 2415I0.%5 13,1060
117 9767 G0 2308,12 127106%.87 0.97219 28.40 260,63 179.71 56.74 91,03 247232.82 13,.15%
117 9767 9% 2235.16 }27T150.63 ©0.,97220 2B.%2 255.19 179.93 5675  §1.3%  247322.03 13.162
it7 9767 G6  2163.34%  12756%.05 0.97228 26,07 249.864 180,22 S6.70 91.63 248148.59 13.221
17 9787 9% 2098.08 17293.5% 0.97222 29.44 244026 160.5 56,10 S1.87 247607.29 13.185%
147 9767 102 2033.38 127328.1)% 0.97273 30.32 239.09 150.53 56.7L  92.04% 28T876.29 13.190
117 9761 103 1975.2& 127141.70 0©.97219 31.47 234.24 161.35 56,70 92.1%F 24T303.33 13,161
117 9767 108 1822.60 126656.02 0.97208 32,79 229.67 1&81.76 $6.72 92,30 246231.87 13.0%&
P17 9767 F11 0 18YV4.%2 128332.6% 0.57201 34,26 225,82 182,14 56,73 $2.34  243563.05 13,028
117 97871 )14 1830,486 126017.09 0.9719% 33.82 221,49 1&72.53 56,70 $2.37  24%053.93 12.987
117 9767 118 1B16.78 126337.97 0.97201 36,35 220.26 182,63 56,69 F2.3&  Z4%569%.69 13,034

11710787 TR 2748.6F 12619G.64 0.97200 30,34 281,62 191.04 56,85 EB.TE  2435404.83 13.01%
11210767 81 2701.47 126621.52 0.9%7210 2%.40 27e.82 14l.27 $6.7% 6%.16 2406280,00 13,080
11710761 G%  2L31,68 F2T341.%4 0.9¥22% yB.B3  2VL.2F  E9l.4Y S6.FE B87.51  247765.89 13.1%2
11710767 87  2560.08 126278.07 ©.%7702 Z€.48 245,73 161,48 54,77 BF.41  245578.35 13,027
11710767 80 2487.10 12613%,37 097198 26.38 is1.88 S6.13  $0.27  2452%2.5%  1l.e0%
117107067 S3  2613.00 1264%69,086 0.972C03 28.%2 192.063 56,76 $0.62 24595%.42 13.057
1irtorer G&  2X36.%G 126616480 0.9T208 28487 }92.20 56,73 90.9& F46254,F5 131.0:0
117107673 §9  2268.,22 L2TCS8.13  0.9T208 29448 192,34 5&.72 9124 24713743 13,148
1710746 302 2700,96 128760.70 0.51211 50633 IR EEREY 56,72 Sh.%& 246562.04 13,102
By/l0/767 105 2135028 12500R.4B 0 G.9719% 0 Bl.ad FS7. 48 56,73 %l.468  2e%15TF.¢1 12,9938
11/710/6T 108  20680.12 12%3¢15.33% O.vrtel 32.78 152444 55075 FL.EF  263656.9D  )2.8%4
Hoie/seT 1Y)l 2025.40 123 Ce91173 2n.24 192449 56,72 $L1.97 243200.56 12,834
11710767 Ll 1576.32 124879.62 0.9716& 152.45 B6.T3 92,0%  74277%.31 12,e11 :
11710767 135 1980.42 124997.41 0.97171 219,64 192445 56.TL 92,08 24)014.88 11.8&29 e

274,10 203,04
ETO.49 203,35
265,00 201,653

1711767 B2 2550.76 125%54&64.T% (.97106
11711767 &%  2606.30 11569539 0.57(89
[SEARTE-R 87 21¥5.62 121%07%.0% 0.9717%
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retrothrust applied. The thrust force will be provided by venting hydrogen residuals
through the chilldown valve and oxygen residuals through the engine nozzles., The re-

on analytic predictions of

.
w
o
&
©
w®
@
£

trothrust duration is programmed for 250 secon
tank pressure, thrust, and flow-rate histories, a minimum separation distance of 336
kilometers can be attained at approximately 2.4 hours afier injection, assuming mini-
mum tank blowdown impulse. The separation distance for the nominal, maximum, and

minimum impulse cases is shown in Figure 1-11,

Figures 1-12 and 1-13 are plots of the predicted thrust and flow~rate histories’during
retrothrust. The retromaneuver sequence is gshown in Table 1-9. Events are refer-

enced from Centaur second main engine start (MES 2),
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Tabhle 1-9. Retromaneuver Sequence

EVENT TIME (sec)

" Sébarato Spacecraft MES 2 +176 t
Start Centaur Turnaround MES 2 +181 t+5
Start Two 50-1b Ingines MES 2 +221 t+45
Ind Two 50-1b IEngines MES 2+241 t+65
i aak Blowdown | MES 2+ 416 t+240

End Tank Blowdown, Restart Two 50-1b Engines MES 2+ 666 t+490

The allitude control engines (A and P engines, see Table 8-T7) will provide the thrust
Foo onlascoturnaround. During Centaur turnaround the two 50-pound thrust engines

(V engines) will provide the initial impulse for Centaur/Spacecraft separation distance
to preclude impingment of the tank blowdown exhaust on the spacccraft., Limit rate
during the turnaround is 1.6 degrees per second about either the pitch or yaw axis,

Bding o o ar dnwin vate of 2,20 degress ped seLund, - rirst fciug, ol the 56—pouad

rockets during the retromaneuver sequence, is timed to coincide with the approximate
90-degree vehicle atfitude with respect to the velocity vector. I'ollowing Centaur turn-
cavound, tunk blowdown will be initiated and will provide the major portion of the impulse
uccessary for the required Centaur/Spacecraft separation distance. After completion
of the Centaur retromaneuver the vernier half on phase is re-initiated and continues

until H2O9 depletion,

1-30
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SECTION 2

PERFORMANCE

This section defines vehicle performance in terms of excess propellants and payload

capability. To aid the assessment of configuration changes, performance exchange

data are also presented.

2.1 EXCESS PROPELLANTS

For firing window determination purposes, excess propellant is defined as the total
weight of unburned propellants remaining after second main engine cutoff (MECO 2)
and thrust decay. The variation of excess propellants during the firing window is

determined from the targeting procedure described in Section 1.3, Daily variations

LUL LIS INUVCININTL LoU 1auiisis u‘ypux. VULLILY QLT 1 GPULLOW 11 ACLTLCLVT e

To ensure successful completion of the mission, a performance reserve is set aside
to account for non-nominal vehicle performance and contingencies. Therefore, excess
propellants can be no less than the specified performance reserve (see Section 2. 3)

at any time during the launch window. Based on a Centaur jettison weight of 4111
pounds and a spacecraft weight of 2223 pounds, the lowest excess propellants for the

November launch opportunity is 615 pounds (includes 255-pound performance reserve).

2.2 PAYLOAD CAPABILITY

Vehicle payload capability is a parameter used for the purpose of monitoring config-
uration and performance changes (Reference 4). The Pavload capability ig obtained

by solving the following equation.

Payload capability = WBO - PR - WJETT (27
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where,

WBO = Burnout weight, total weight injected into the required I
terminal orbit, assuming nominal functioning of all sys-
tems and consumption of all propellants available for
main impulse (excluding performance reserve)

PR = Performance Reserve, amount of Centaur stage propel-
lants held in reserve

WJETT = Centaur stage jettison weight after main engine thrust

decay (Centaur tank weight at separation)

Payload capﬁbility, as defined in this section, is based on a set of reference conditions

that define a single trajectory that is used for vehicle payload capability analysis on

a bi-monthly basis (Reference 4). The payload capability is based on the reference-

conditions presented in Table 2-1.

Table 2-~1. Reference Conditions

1. ETR Launch Site Complex 36B

2.  Launch Azimuth 114 deg

3. Parking Orbit Altitude 90 n. mi. %
4. Injection Energy -0, 85 I<n12/sec;2 é‘é

5. Injection True Anomaly (MECO 2) 4 deg

6. Parking Orbit Coast Time 25 min.

2.3 PERFORMANCE RESERVE

2.3.1 DEFINITION OF FLIGHT PERFORMANCE RBESERVE

flight performance veserve (FPR) is the propellant held in reserve to ensure -

~—
Laana
—

achievement of the reguived mission velocity under non~nominal fhut normal

4.

conditions. FPR is computed using a Monte Carlo method t

>
[
e
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number of vehicle subsystem performance dispersions on net vehicle performance and
propellant margin. Details of the Monte Carlo FPR Program and computation of FPR

are documented in Reference 5.

The flight performance reserve propellants remain unused providing all vehicle sub-
systems function according to the predicted mean on a normal distribution curve; a
condition reflecting nominal performance. Although, normally, FPR is congidered
as a propellant reserve that could bé used up in flight, it should be recognized that the
probability of better than nominal performance is equally likely. In this event, the
propellant remaining on board at termination of the powered flight phase could be as
much as twice the FPR value. Only under an adverse statistical combination of per-
formance deviations would no usable propellants remain on board. In reference to the

payload capability equation, Equation 2-1, which indicaeles one-to~one relationship be—

L...Aa.« nrrland Aanwmakilifer and TND dha Henamamdbantl Af a0 mricran vxr)vr]r\r)r'l nf)\'\f)“\‘l]\ﬁ‘fr 'fna

D I s I e L P I T O e —— L g e g ~

W

assignment of FPR is illustrated in Figure 2-1.

The Atlas/Centaur payload capability is based on the reguirement of ensuring achieve-
ment of the mission orbital energy in the presence of a 3~-sigma statistical combination
of performance deviations. This results in a 99. 87 percent probability of successfully
completing the mission. It should be noted that the area under the normal distribution
curve, Figure 2-1, is truncated only at the guaranteed payload (3-sigma). This yields
a success probability that is somewhat higher than the conventiconal definition of pro-

bability associated with a £3-sigma bounded normal distribution curve (in which the

probability would he 99.73 percent).

For the Atlag/Centanr |
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stage. The Atlas sfage completion ig

sintions of all

stages are compensa This ve-

sults in the mogst efficient vtilization of boost
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[=—FPR - PAYLOAD CAPABILITY
1.0f- I A/// (NOMINAL)
PAYLOAD I

b CAPABILITY |

9 (GUARANTEED)

&

) !

&

= I

e

. |
I
L ARES = 99,875 .
\N\\ i

0 e NN AN\ NN

PAYLOAD CAPABILITY (+) o

Figure 2-1. Payload Capability/FPR Relationship

2.3.2 NET 3-SIGMA FLIGHT PERFORMANCE RESERVE

In addition to the normal performance deviations that give rise to the FPR require~
ment, any apparent uncertfainty such as the aerodynamic drag model is algebraically

added to the FPR as a hias.

The drag model has been recently revised to reflect experience gained from Atlas and
LV-3C Atlas/Centaur flights. The revision reduces the predicted drag on the vehicle
and yields increased performance capability. Pending further flight experience, a 30-
pound FPR hias is being provided to increase the confidence level in predicted perform-

ance when the revised drag model is used in trajectory calculations.

An additional 60-pound contingency is curvently provided to further incrvease the con-

&

Ti¢ion - o [ R ol s 4 v o
nacnce level in predieted pevformance.

i

Tahle 242 pvraanmia the mat e Pl et simar C vt A e s T ety AT b e Y el
Fable 2-2 presents the net 3-sigma flight performance reserve, that is, PPR plus

drag model bias plus contingency.
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Table 2-2. HNet 3-Sigma Flight Performance Heserve
FPR 165 b
Drag Model Bias 30 1b
Contingency 60 1b
Net 3-Sigma FPR 255 1b

2.4 PERFORMANCE EXCHANGE COEFTFICIENTS

This section presents data that relate excess propellant to various independent para-

meters such as vehicle weights, propulsion chavacteristics, propellants, and mission

parameters, The linear relationships are shown as exchange coefficients, partial

derivatives of excess propellants with respect to the independent variable (see Figure

2-2). These coefficients are related to the excess propellant

by the equation

ALWEP =

where

AWEP = Net excess propellant increment

ovellant ex

AWEP = Excess pr !
oxi 111demndgm variable (x;)

th .
LXy = Increment in the if indepen

increment as defined

(2-2)

dent variable

It should be noted that 2all performance exchange coeflicients were computed via close

loop detailed trajectory simulations. The AC-12 closed-lo

June issue of Refevence 43 was used for the computation.

A ~+

hetween the vehicles, the AC-13 Periormance Txchanve

the AC~14 mission.

change coefficient with respect to the ith
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INDEPENDENT
VARIABLE

EXCHANGE
COEFFICIENT

URNITS

Stage " Weig -1.0
Stage Inert Weight 0 propellants per 1b
: 1 1b of excess
Nose Fairin .
& -10.6 propeliants per b
culati sanels o1 1b of excess
Insulation Panels 123 propellants per Ib
, Thrust 1 1b of excess
PAYLOAD - [_\ rus 67.3 propellants per 1b
NOSE FAIRING
1 1b of excess
Impulse Propellants =T
TANK INSULATION 13.7 propellants per b
PANELS
‘\-r_] specific T . 1 1b of excess propellants
. pecific Impulse
LIQUID HYDROGEN TANK \\'& 25.9 per sec
q
LIQUID OXYGEN TANK —\L A/C Separation’ 39 Ib of excess propellants
[_J e Coast Time : per scc
MAIN ENGINES -*——\
’ ) (1) 1 of excess propellants
. -171.0
Boost Pump }1202 171 per Ib/sec
INTERSTAGE ADAPTER
T
{il I ATLAS STAGE
i 1
; Il Sustainer Package (a) — 1b of excess
-10.3 propellants per 1b
TINIIIN OYVOALN TANY T ~ w, o
T~ | H Suetainer Throet - T T
~ 16 prupsitenis per iu
1
Booster Thrust R 1b of excess
) 422 propellants per 1b
Booster Package (t = 1b of excess
RP-1 FUEL TANK \ nekege © ~10 propellants per 1b
. i
VERNIER ENGINES %‘ Impulse Propellants . ot L
——\ Fuel Wi, Change >0 — 2 Of exCoss
tﬁ 70,6 propellants per 1b
1 BXC
SUSTAINER ENGINE . <0 o b of excess
\ -48.9 propellants per 1b
1 oess
J Oxidizer Wt, Change >0 —— 1b of excess
100.0 propellants per 1b
BOOSTER ENGINES
(b) <0 _1 1b of excess
-63.7 propellants per 1b
(8) SUSTAINER PACKAGE Sustainer Specific Ib of excess propellants
(b) BOOSTER PACKAGE Impulse 17.2 per sec
Booster Specific I of excess propellants
Impulsc 25.1 per sec

3 ety e s Vy -
IPigure 2-2. F

CENTAUR STAGE

1b of excess

26

76,0

I of excess propeltlants

o
per km*~/sec

inee Exchonge Cocellicients
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SECTION 3
RANGE SAFETY

For each Atlas/Centaur flight, range safety and range planning trajectory data are
prepared. The data prepared are stored on IBM magnetic tapes and are presented in

various reports as a data package.

3.1 DATA PACKAGE

The data package for the AC~14 flight consists of
a. Nominal and dispersed trajectory data, Reference 6, composed of
1. Planned nominzl trajectory .ata.
2. Dispersion trajectory data in the form of AX, AY, AZ, necessary for defining
present position boundaries, and A%, AY, 47 used for defining the instantan-

€0US 1MpACT POINT (Liy') ENVELOPES,

b, Re-entry data composed of

1.  Expected impact points (IP) for the Atlas booster package, Atlag sustainer
stage, Centzur ingulation penecls, and Centaur nose fairing,

2. Dispersion envelopes of impact points for each of the above items.

w

Expected effects of destruct action including the number and approximate
weights of resulting fragments, estimates of drag coeflicient histories for
major fragments, and velocity increments imparted to these fragments by
destruct action (explosion).

c. Velocity vector turn data, Reference 8, composed of velocity vector turning

3
3

capahility data agsuming vacvum tumbling turns caused by engine lockup at various

finemtion anolee
tlection angles.

constant de

d. Impact probability data, Reference 8

1. DImpact probabilities for points on

|
bs
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“J

2, Kill probabilities for flights over land masses in terms of the probability of

killing a single person,

32
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T T
SECTION 4

TRACKING DATA

o

Vehicle position, velocity, and acceleration are calculated from fracking data. This

information is used for range suppert during the flight and for postilight performance

analysis., The quality of the tracking data, and hence the adequacy of the range sup-

port and performance analysis, is dependent on how well the ground tracking stations

can monitor the trajectory during the flight, Down-range ground stations, with pre-

cisely defined coordinates, have been established for this purpose.
y pury

A list of expected tracking stations and their coordinates are presented in Table 4-1,

The coordinates are referenced to the Clark spheriod of 1866,

tracking parameters used during tracking.

Figure 4-1 defineg the

Table 4-1. Tracking Station Coordinate Data*
GEODETIC ' WEST l HEIGHT ABOVE |
STATION LATITUDE |LONGITUDE | REF, SPHERIOD
(deg) (deg) (ft) TYPE
1. Cape Kennedy Tel IV| 28.463667 | 80.653028 59.7 Telemetry
2. Merritt Island 19,18 28.424424 | 80.664618 48.6 Radar
3. Grand Bahama 3.18 26.635837 | 78.267964 50.9 Rad/Tel
4, Grand Turk 21.443503 | 71,147931 22.9 Rad/Tel
5. Bermuda 32.254252 | 64.839201 2569.0 Rad/Tel
6. Antigua 91.18 17.143055 | 61.793377 182.5 Rad/Tel
7. Ascension 12,18 -7.975147 14.402707 673.4 Rad/Tel
8. Pretoria 13,16 -25,947274 | -28.,356704 5454.2 Rad/Tel
9. Tananarive ~18.800000 | -47.500000 100.0 Telemetry
10, Grand Canary Island 27.725522 15.6000006 55,7 Rad/Tel
L1, Carnarvon ~24.,800000 -113.716670 164.0 Rad/Tel

* The coordinates are referenced to the Clark gphericd of 1866 and were obiained {from

Reference 10,
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Ey
SLANT RANGE +90°
VECTOR \
+180°
x% §
7_'“”’_7_1 V%M ?WQEO_‘:DUIEZI(;“HORIZONTAL PLANE
TRACREW /7‘”‘% T
s 0 e
[////((/,’/////////,/1’//7/’///////////// {/]?w ’
DEFINITIONS
LOOK PHI {#) - The angle between 3. ELEVATION ANGLE (¢) - The angle
the pitch plane (xi-zeta) and the pro- of the slant range vector with respect
jection of the slant range vector on to the geodetic horizontal plane at the
the base of the vehicle. It is mea- tracker.

sured positive clockwise from the
positive zeta (yaw) axis, when view- 4, VIEWING AZIMUTH (Zy) - The azi-

ing along the positive direction of muth of the slant range vector mea-
the longitudinal (x1) axis. sured in the geodetic horizontal plane
at the tracker.

LOOK THETA (6) - The angle be-

tween the longitudinal (x1) axis of 5. SLANT RANGE - Vchicle distance

the vehicle and the slant range vec- {from tracker in nautical mile.

tor {rom veliicle to tracker, mea-

sured from the positive xi axis.
i
.

Figure 4-1. Tracking Parameler Delinitions e
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Parametric tracking data for the following stations are presented in Figures 4-2

through 4-6,

)

Cape Kennedy Tel, 1I
b. Bermuda

¢. Grand Turk

d. Antigua 91.98

e. Trinidad :
f.  Tananarive

g. Pretforia

h. Carnarvon

i Grand Canarv Taland

i. Ascension

Figure 4-2 gives rise time, set time, and maximum elevation angle as a function of
launch azimuth for the first five tracking stations. Data for these stations are inde-
pendent of parking orbit coast time., Figures 4-3 through 4~6 give rige time as a
function of parking orbit coast time for the remaining tracking stations., Data for
these stations are a function of parking orbit coast time. The AC-14 TFiring Tables
report, Reference 2, contains launch azimuth and parking orbit coast-time/launch-

time relationships.

It should he noted that the AC~14 tracking data were hased on range support data from
Reference 10, These data should be applicable for all remaining Atlas/Centaur/Sur-

&

veyor parking orbit ascent missions,
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SECTION §
FLIGHT MECHANICS ~

This section introduces some of the flight mechanic concepts of earth-moon trajectory

design, The topics discussed are 1)-earth-moon geometric properties, 2) pre-

injection trajectory phase, 3) post-injection trajectory phase, and 4) launch window,

5.1 EARTH-MOON GEOMETERIC PROPERTIES

The complex geometric problem associated with earth-moon trajectory design can be

visualized by first considering the orbital motion of various bodies.

ae

The earth rotates about its polar axis with an angular rate of approximately 15 de-

grees per hour. Its equatorial plane is inclined to the ecliptic (earth's orbit pléne

about the sun) by about 23. 5 degrees.

The moon orbits the earth with a sidereal period of about 27.3 days. This rota-
tion of the moon ahout the earth causes day-to~-day variations in its right ascen-

sion (angular measure eastward along the earth equator from the vernal equinox).

Since the moon rotates about its own axis once every 27.3 days, it presents the

same surface area to an observer stationed on the earth.

The moon's orbit is slightly eccentric, 0.05; therefore the earth-moon radial dis-

tance varies as a sinusoidal function,

Because the plane of the lunar orbit is inclined to the ecliptic approximately 5

degrees, declination of the moon is a sinusoidal function with a period equal fo the

41,

lunar month. Regression of the nodes of the lunar orbit causes the amplitude of

time between minimum and maximum amplitude is about 9.3 years,

Figures 5-1 through 5-5 present in graphical form some of the earth-moon geometric

s

properties discussed shove,

[
'
—t
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5.2 PRE-INJECTION TRAJECTORY PHASE

The pre-injection trajectory phase can be describad as a neazjzifs;z'/’f,}‘x powered flight
phase from booster launch to spacecraft injection. Parking orbit ascent in-plane
geometry showing various angular relationships of the near-earth conic is illustrated
in Figure 5-6. An expresgion relatingthe various angles indicated is presented in

Equation 5-1.

=0 . "9 N NN o

5-1
o0 T Prr " %pr %B1 Pm2Th (5-1)

During a given launch interval the position of the target vector is essentially invariant;
however, the launch site moves in an easterly directicn and reduces the launch-to-
target angle, ¢y . For lunar missions employing the parking orbit mode of ascent
and having a 66-hour earth-moon transfer time, the injection true anomaly, 771, is
about 4 degrees. Prime control variable for balancing the in-plane angular relation-
SHIDS is ‘ua.z.‘r_s.hm ULl Cuast Liine, V)Pi\. Thio rie 5t anu guu‘Jzzd UWE B bt aiiE O
Pn1 and @B 9 respectively, are mainly a function of boost vehicle characteristics and
spacecraft weight for a given mission. Values of the parameters g1 and bpq are

about 20 and 9 degrees respective‘ly» The perigee-to-target angle, ¢pps 18 about

170 degrees and can be determined from equation 5~2.

: P- RT
Ppp = €OS on (5-2)
’1‘\
P = 1+
RP ( e)
R_C
] 2
e =1 -“_}.:__.,_i
‘B
whavre
P = f3
e = Py
3 E B
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EARTH
Bl ROTATION

~HE

R
o} = First Powered Flight Angle (& 20 deg)
& = Parking Orbit Angle (Variable)
@ = Second Powered Flight Angle (~ 9 deg)
7N = Injection True Anomaly (=~ + 4 deg)
) = Perigee to Target Angle (~ 170 deg)
¢ .. = Launch to Target Angle

L = Launch Site

PO = Parkinp Orbit

P = Perigec
I = Injection
T = ‘Targoet
Figare 5-6. Parking Orbit Ascent In-Plans Geometry

5-11
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5.3 POST-INJECTION TRAJECTORY PHASE

The post-injection trajectory phase can be described as the earth-moon coast flight
phase from spacecraft injection to the spacecraft terminal descent phase. Figure 5-7
is an illustration of the required earth-moon launch geometrif for the post-injection
trajectory phase.

Two position vectors that define the earth-moon coast flight plane orientation are the
faunch site vector declination, GL, and the target vector declination, (‘ST. An expres-

sion that relates the launch-to-target in-plane angle, ¢y p, with the two position vectors

aind Launch azimuth, ZL’ is given by Equation 5-3,

1/2
1 C2 CZ ’ CS /

s oS V- -l E) - : (5-3)

- 1 1 1

where
2 . o2 _ ’

w 3 Aadi 91 ¥ Bo-) {1 S1il L '

1 iy i

C. = -cosf. + sin © cosk

2 g, "~ Snop L

. 2 5 2 5
¢ = sin 6_ - sin
y si T si L

Figure 5-8 presents a plot of ¢I T 28 a function of 6T for a ZL range of 75 to 115

degrees and the Cape Kennedy launch site.

An expression that gives the launch-to-target hour angle, @, which is necessary for
the determination of launch window length, is given by Equation 5-4,
sin \ sinz:
. "1 Cb L‘ F ],1
O - BN e

CosH
T

Farlicr an carth-moon flight time of 66 hours was mentioned. This transfer ime is

weessary to guaraniee Goldstone tracking station visibility at lunar impact and re-
w I B <

4

quived unbraied arrival veloeity (due to retromotor capability),  Earth-moon flight

me, 1T o 15 a function of injection energy, (.3, injection pevigee distance, 1{_[}., and

carth-mwon Jdistance at encounter, RT'
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LAUNCH BITE
VECTOR

BARTH EQUATORIAL
PLANE

EL = Leunch Azimuth

GL = Launch Sits Vector Declination

= Launch-to-Tearget In-Plane Angle

¢LT

© = Lounch-fo-Target Hour Angle

6'1‘ = Tarpget Vector Declination

Figure 5-7. Eavth-Moon Launch Geometry
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An expression that gives T

& A

ag a function of the varioue parameters just mentioned

(refer also to Equation 8-2) is pre ,Wnt"d in Equation 5-5.

" E-esin Ej - At (5~5)

where

a = Semimajor axis

E = Eccentric anomaly

At = Correction for lunar attraction
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g
A A Yt o LI e L R T T P o S R ~~ e . - o~

o g ; L el W -3 PP W G S ..vrl‘ il TR S VAT A PR NN a.@u.a‘v LY aal VI i
e




MR

-t

BRI S

N

T 7

™

100

4

1

E

v
o=

A
¢

£

T

DA

AT

NCE

U

7
N

¥

W

i

13

Sag




Biovciasinadd

bomaisiih

5.4 LAUNCH WINDOW

The time interval during a given day when it is possgible to launch a vehicle is known
ag a launch window. Duration of the window is primaxrily a funciion of time-varying
geometry and vehicle payload capsbility. A successive number of favorable launch

window days is known ag a launch period.

Since the earth-moon trajectory flight plane must contain the launch gite and farget
vectors at launch time (see Figure 6-T) a time-varying launch azimuth, ZL, is re~
quired to account for the rotating launch site. Due to range safety considerations all
parking orbit ascent flights are currently constrained to a launch azimuth sector

between 78 and 115 degrees.

Launch window duration, tLW’ can be approximately determined from Equation 5-8
in conjunction with Equations 5~3 and 5-4 for a given lunar declination and specified

launch azimuth limits. The launch window duration obtained may be further modified

1. F P SR N L PU I . D N E e 3 T D JRRSN, 1y U SRR S
I e 2 - PSSO R LU R S2oh e SR SRR S N SS0UNE 1 S SN PSS U S S S B OSSR
et cetera.
@1 - 2
T (5-6)
LW W
E

where

S | T Hour angle at window opening

@2 = Hour angle at window closing

Wy = Earth rotation rate
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SECTION 6

TRAJECTORY DESIGN CRITERIA

This section contains descriptions and data related to the rationale of powered-flight
trajectory design. Primary emphasis is placed on identification of trajectory design

constraints and on demonstration of an acceptable trajectory flight path and sequencing.

Fundamental to the trajectory design process is determination of vehicle subsystem
performance and its effect on the trajectory. All elements of vehicle design must be
compatible with the range of expected operating performance of each vehicle subsystem.
Reference 12 serves to collect a standard set of subsystem performance dispersions

that are used for both trajectory and guidance error studies.

Certain key parameters describing trajectory environment are presented and discussed
in the following subsections. For a more comprehensive presentation of trajectory
environment and documentation of design limits used in figures for this section, the

reader is referred to Reference 13.

6.1 AERODYNAMIC LOADING

The trajectory psrameter most often associated with aerodynamic loading is dynamic

pressure (g), defined as:

q = é’,o V2 ab/it?) (6-1)

Dynamic pressure is primarily determined by the degree of trajectory lofting during
the initial pitchover phase. TFigure 6-1 presenis time histories of dynamic pressure

for both nominal and = 3-sigma exireme dight conditions.

I o e A gt B s -1 N N, . Per vt gt S ) CUPNONUE £ R,
The product of dynamic pressure and angle of atiach {ga} is an indicator of bending mo-

o

O T B L | P [T I P SR
ments imposed on the venicle and is leymed Aerody

6-1
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The angle-of-attack time history is strongly influenced by both the pitch program and the
applied wind. The pitch program has been designed with an angle-of-attack bias that will

minimize ALP for anticipated launch winds and thus maximize launch availability.

G.2 AERODYNAMIC HEATING

A trajectory parameter that is indicative of the trajectory thermal environment is the

product of dynamic pressure and velocity, termed heat flux parameter HFP).

%

" HFP = qV (6-2)

The time integral of this parameter, which ig indicative of total vehicle heating, is

termed heat parameter (1P).

t ,
HP = ft:n qV dt (6-3)

This simplification is generally valid for turbulent heating and is used as a rule of
thumb in trajectory design. Final trajectory heating verification is based on detailed

thermodynamic analysis of the vehicle in the appropriate flight environment.

Like dynamic pressure, heat parameter is primarily determined by the degree of

trajectory lofting during the initial pitchover phase.

Figures 6-2 and 6-3 present time histories of HFP and HP respectively for nominal
and design flight conditions, minimun and maximum. From TFigure 6-3, the maximum
value of HP is 0.945 x 108 1b/ft. The nominal limiting value of HP is approximately

0.94 x 108 Ih/ft. However, this trajectory design constraint is an indicator only, used
Eo 4

in the carly Surveyor trajectory design. A detailed thermodynamic analysis of the

vehicle has shown that cervodynamic heating s within allowable limits.
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6.3 STAGING CRITERIA ' E
&

6.3.1 BOOSTER ENGINE STAGING

o

All Atlas propulsion units are operative at time of liftoff. On-beard accelerometers

sense acceleration. When a nominal value of 5.70 g's is reached, a guidance dis-
crete is issued cutting off the two booster thrust chambers (BECO). Following a

3. 1-second delay for hooster thrust decay, the booster propulsion unit is jettisoned.

Table 6-1 illustrates the accelerometer settings. The nature of the guidance com-

puter is such that the issuance of the primary discrete will occur following a com-
plete compute cycle. The change in aéceleration during each compute cycle is Fg
approximately 0.15 g ail the time of staging. The dispers‘ion about the 5.7 g cutoff N
setting is reduced to one half of a compute cycle (+0.08 g) by biasing the guidance

computer cutoff setting.

he SFaoing ievae: InY The 'hSoirIIn QVatTem was ANnNaen Q) Thar., nominativ, i Witll noi .
preempt the primary system. The backup accelerometer is set at 5.90 g's and the

3-sigma deviation is £0,20 g.

Table 6-1. Booster Staging Accelerometer Seftings

5.62 g's 5.70 g's 5.78 g's
Guidance Accelerometer ; 1 !
(Primary) -3 Sigma Nominal +3 Sigma

5.70 g's 5.90 g's 6.10 g's

SR
E

L

Backup Accelerometer i { %

-3 Sigma Neminal +3 Sigma

,-w—-n-?
Wiisisi
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The selection of booster staging acceleration level for Atlas/Centaur was based on the

following criteria:

a. Maximize payload capability.
b. Atlas load <design allowable.

c. Net positive suction head (NPSH) > design minimum.

The staging level of 5. 7g's was selecfed in the early phase of the Centaur development
effort. At that time, booster pitch program design was predicated on the requirement
for maximum payload capability and was not substantially constrained by aerodynamic

heat limits. Under those conditions, the optimum staging level was near 5.7 g's.

The second factor that must be considered in establishing booster staging level is the
Atlas load limit. The allowable total gross weight above Station 519 at BECO cannot
exceed 46, 939 pounds (Reference 4). The following agsumptions were used in calcu-

lating the allowable Weight:

Axial acceleration 5.7+0.08g

Tank skin temperature 171°F @ Sta. 789.95
Axial drag force 1330 1b

Applied bending moment 0.761 x 108 in. -Ib
LOg tank pressure 32. 0 psig

From Reference 4, the nominal weight above Station 519 is 41, 010 pounds.

The third and final factor affecting selection of BECO staging acceleration is sustainer
LOg pump NPSH, Briefly, it is required that NPSH be above 13 feet. Section 8. 1.1

presents a more detailed discussion of sustainer NPSH analysis,

67
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6.3.2 SUSTAINER ENGINE STAGIN

‘/J.;i\,:,w

The criterion for sustainer engine staging is propeliant depletion, either oxidizer or

fuel. SECO command is initiated (nominally) by a fuel manifold pressure switch set

to activate at approximately 650 psia. This mode of sustainer staging results in maxi-

mum net vehicle payload capability.
Section 8. 1.2 presents SECO propulsion characteristics in some detail.

6.3.3 INSULATION PANEL STAGING

Centaur propelilants are protected from aerodynamic heating during the ascent frajec-
tory by insulation panels. These panels, which shroud the hydrogen tank cylindrical

walls, are jettisoned by an Atlas programmer discrete at BECQO + 45 seconds.

Three criteria are considered in establishing insulation panel jettison time, namely:

a. Maximum vehicle payload capability
b. Thermal load constraint

c. Aerodynamic load constraint

The first factor involves a tradeoff between payload gain due to reduced propellant
vaporization and payload loss due to lower vehicle acceleration as insulatation panel

jettison fime increases. Tigure 6-4 provides a typical example of this tradeoff.

After insulation panel jettison, heating to the LH tank wall increases abruptly due to
sudden exposure to aerodynamic and solar heating and fo sublimation of ambient air.

]

Vapor bubbles are generated in the liquid, causing the propcliant volume Lo swell and

the liguid Jevel to rise in the tank. Panel jettison is tirmed so that the liguid level does

not overflow into the hoilo!f aas vent at the forward end of the tank, This requirement
& |

6-8
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is satisfied when heat flux parameter is less than 65,000 1b/ft~sec (3-sigma), How-
ever this factor was not considered in the final selection of panel jettison ‘a’me.‘ (See
Figure 6-5. B

The final, and limiting, constraint on panel jettison is aerodynamic loading., It is a
requirement that the panels be jettisoned sufficiently late in flight so that aerodynamic
loads do not inhibit separation. Studies have shown this requirement is satisfied when
the product of dynamic pressure and angle of attack is equal to or less than 20 psf-deg
(3 sigma). Figure 6-6 shows that this aerodynamic load factor is satisfied with a jetti-

son time of BECO + 45 seconds.

6.3.4 NOSE FAIRING STAGING

Staging of the Centaur nose fairing (NF) is accomplished by an Atlas programmer dis-
crete at a preset time after BECO of 75 seconds. The time at which the NF may be.
Jerrlsonea 18 aeLermuned Dy ue dauilivy oL uie Payilodd L WILLSLENU UE derouy namic ieav=
ing it will receive after being exposed to the flight environment. Aerodynamic heatfing,
in the altitude range where NF jettison is feasible, is directly proportional fo heat flux
parameter (HFP). A 3 sigma maximum value of HFP at NF jettison has been
established by Hughes Aircraft Company for the Surveyor spacecraft. This value is
295 1b/ft-sec. TFigure 6-7 presents the variation of HFP with time after BECO and
shows the earliest allowable NT jettison time to he BECO + 70 seconds. Thus the pre~
sent staging time of BECO + 75 seconds allows a 5-second contingency for configura-

tion changes.

ey AR Ry AP e £ T AP T A A L T N R e e T I AT A S ST A AN A T S R ——
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6.4 PITCH PROGRAM DESIGN

6.4.1 BOOSTER PITCH PROGRAM

Design of the booster pitch program would ideally involve an optimization between

flight path selection and structural weight required to sustain the flight path environ-

. L4
ment. For Centaur, this process has been bypassed since Atlas was an off-the-~shelf ol

vehicle, Thus booster pitch program design was based on predefined vehicle struc-

~iural capability.

f\_ﬁ
b Aerodynamic loads are minimized during booster phase by flying a near-zero angle- vl
of-attack () boost trajectory. The pitch program is actually biased to statistically e

Sitaadicy

T
i

mirimize o in the presence of anticipated real wind conditions.

o
_ . . . . 5
Superimposed on the near-zero « requirement is a nominal aerodynamic heat param-
eter limit used in the initial trajectory design. Figure 6-8 illustrates the sensitivity f’
Servvioud capability to HP, | )
6.4.2 SUSTAINER AND CENTAUR PHASE PITCH PROGRAMS
: =
,‘, b
The sustainer- and Centaur-phase pitch programs are shaped to maximize payload &
capability for prescribed end conditions. These pitch functions are generated in flight £
by the guidance computer based on instantaneous present position and target conditions.
b
¢
[

im.w;., Guih

[,
SELOES
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SECTION 7

VEHICLE CONFIGURATION

The launch vehicle is a two-stage configuration consisting of an Atlas SLV-3C first

stage and a Centaur second stage. The Atlas by itself is referred to as a 1-1/2 stage

‘? configuration, a term used to describe a vehicle consisting of one set of propellant
tanks with some propulsion units jettisonable during flight.
=

- 7.1 FIRST STAGE DESCRIPTION

The Atlas SLV-3C vehicle is a modification of the LV-3C vehicle previously used for

Atlas/Centaur flights. The modification consists of a 51~inch extension of the pro-

pellant tank and relocation of the intermediate bulkhead to maintain the proper oxidizer/

?: fuol votin Othay minar chanoee wara made to external eaninment fairings. To ac-
N commodate the additional propellant weight t{ie NAA/ Rocketdyne MA-5 propulsion sys~
;; tem was modified to provide an additional 6000 pounds of booster thrust and a sustainer
- engine thrust increment of 1000 pounds. Each of the booster engines now provide

168, 000 pounds nominal thrust (sea level) and the sustainer engine 58, 000 pounds.

The vernier thrust chambers still provide 670 pounds each.

The interstage adapter, mating the Centaur to the Atlag, is attached permanently tothe
Atlas stage. The Centaur vehicle is released from the first stage by severing the in-

terstage adapter by use of a flexible linear shaped charge attached around the inner

perimeter of the adapter just below the Centaur fank interstage adapler attachment
point. Eight retrorockets located at the extreme aft end of the cylindriecal portion of

the Atlas fuel tank provide the force for separating the Atlas section from Centaur.

The controlling document for the Atias vehicle is Refevence 14.

posl

N et b YT O e 1 g A v e oy oot ot pomy I o T
The geneval arrangement of Atlas is presented on Figure 7-1.
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7.2 SECOND STAGE DESCRIPTION

The Centaur vehicle is a high-specific-impulse space vehicle powered by two Pratt
& Whitney RL10A main engines rated at 15, 000 pounds thrust each (with a restart
capability). These engines burn liquid oxygen and liquid hydrogen and are located on

the aft bulkhead of the liguid oxygen tank.

The Centaur tank skins are made of type 301 stainless steel, which is the same materi-
al used for the Atlas tanks. The propellant tanks are pressurized and form the basic
shape of the Centaur. The payload, guidance, and electronic equipment packages are

mounted on the forward bulkhead of the liquid hydrogen tank.

External thermal insulation panels are provided for the liquid hydrogen tank to mini-

mize the effects of aerodynamic heating and to reduce the liquid hydrogen boiloff to an

nnmmtalhla Taceral M n vavial A fana Taddinnmnd afdas o ~nmamd o agaqs T 4l n advm ~ T man o

e e et s s Y e e i I e el el e )

The nose fairing provides thermal and aerodynamic loading protection to the equipment
located within the spacecraft compartment at the forward end of the vehicle. The nose
fairing is jettisoned following jettison of the insulation panels.

The controlling document for the configuration of the Centaur vehicle is Reference 15.

The general arrangement of Centaur is presented on Pigure 7-2.
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Figure 7-2. General Arrangement of Centaur

-4

INTERMEDIATE BULKHEAD

K

3

B

Pl

£




St

GDC~-BEMG7-064

7.3 SPACECRAFT DESCRIPTION

The SC-6 spacecraft (A-21 SERIES) is a thin-walled tubular spaceframe housing various
electronic and mechanical equipment. Figures 7-3 and 7~4 Present the general arrange-

ment of the spacecraft.

Spacecraft equipment can be broken down into the following systems: -2) structure,
b) propulsion, c) flight control, d) electrical power, e) telecommunications, fj com-

mand decoding, g) engineering instrumentation and signal processing, and h) television.

The payload is composed of an alpha scattering experiment; magnets; an auxiliary
battery and control unit; survey television camera; a number of temperature sensors,
accelerometers, strain gauges, and current sensors; and an engineering signal

processor.
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SECTION 8

PROPULSION o

The following paragraphs describe the Atlas and Centaur propulsion models and nomi-

nal operating characteristics.

8.1 ATLAS PROPULSION MODEL

The Atlas stage propulsion system consists of a NAA/Rocketdyne MA-5 propulsion
system with two booster thrﬁst chambers, a sustainer thrust chamber, and two vernier
thrust chamﬁers. The engines burn a propellant combination of liquid oxygen and
RP-1 fuel. All propulsion units are operative at time of liftoff. The sustainer and

vernier engines continue firing following shutdown and jettisoning of the two booster

R aal ple i e el L L

on ot AL oo Nant danlntion tha cugtainar and varniay wnite ara ahut down and

jettisoned with the Atlas propellant tanks.

Nominal Atlas propulsion characteristics are summarized in Table 8-1. The data
were obtained from Reference 16, This reference also contains the propulsion param-

eters used in detailed propulsion simulations for precision integrated trajectories.

Figures 8-1 and 8-2 present Alas thrust and specific impulse as a function of altitude.
The data reflect nominal inflight engine coperation as predicted via a detailed trajectory

computation and propulsion system performance simulation,
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Table 8-1. Summary of Atlas Propulsion Characteristics

PROPULSION PARAMETER NOMINAL® 30 DISPERSION
Booster S. L. Thrust 336, 000 1b +2945 1b
“noster S. L. Specific Impulse 253.83 sec +2.33 sec
Booster S. L. Mixture (Oy/RP-1) 2.29 +0,038
S ‘nev 8¢ Le Thrust 58, 000 1b +910 1b
Sustainer S. L. Specific Impulse 215.39 sec +2,72 sec
Sustainer S. L. Mixture Ratio (Og/RP-1) 2,27
Vernier S, L. Thrust ? 1352.8 Ib 2%

Vernier S. L. Specific Impulse 191.4 sec 6.47 sec

Vernier S. L. Mixture Ratio (OZ/RP—l) 1.676

Booster Lube Oil Consumption 0. 95 Ib/sec

Sustainer Lube Oil Consumption 0.150 Ib/sec

. Engine log data.
2
Vernier engines are canted 41 degrees outboard.
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§.1.1 BOOSTER ENGINE CUTOFF

The Centaur stage guidance system provides booster engine cutoff discrete, BECO.
? The cutoff command is issued when an axial accelerati(;l level of 5. 7g's is attained.
Following a 3. 1-second delay for booster engine thrust decay, the propulsion unit is
jettisoned. The thrust and propellant consumption characteristics during the decay

period are shown in Figure 8-3.

To preclude propellant pump cavitation, the pumps require a margin between the inlet

total pressure and the liquid vapor pressure. This margin is termed net positive

suction head (NPSH). The NP5H atthe LO9 sustainer pump inlet is the most critical and

therefore requires special consideration. The minimum value of NPSH is reached after

7 booster engine thrustdecay, just prior tojettisoning. For AC=14the minimum allowable
b NPSH is 13, 0 feet (Reference 26), TFigure 8-4 presents NPSH as a function of hooster

atasine acceleration for nnominal and R-cioma dicneveed nanditiane T+ non ha caon
Dz ) H ! ne eeon,

that the NPSH at the nominal staging acceleration of 5.7 g's including £0.1g 3-sigma -

dispersion, is within allowable tolerances.

The NPSH value is calculated from the following equation:

, . 1it
fa 1 1 .
(4 NPSH = HxF/W+____ (P +P -P -P 5 -1)
i 5 ( g am vp f) (5-1)
where H = Liquid level, ft
I = Total force on liquid, Ih
- W = Weight of liquid, Ih
i p =~  Density of liquid, 1b/1¢5
P(r = Tank pressure, Ib/in®
P < Ambient pressure, 1/in?
am
P = Vapor pressurce of LO h/in®
P o T T
Pl' = Line loss due to fluid low, U)/inQ
8-5
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8,1.2 SUSTAINER ENGINE CUTOFF

Sustainer engine cutoff (SECO) is initiated at propellant depletion., A nominal sustainer
engine shutdown consists of a soft phase, prior fo SECO command, followed by a hard
shutdown phase., The start of the soft phase begins at minimnum NPSH. After minimum
NPSH, the fuel manifold pressure begins to decay from its nominal operating pressure,
When the pressure level falls between 600 and 700 psia, a pressure switch located in
the fuel manifold is activated shuﬂ'ing.down the sustainer and vernier engines, This
constitutes SECO and initiates the hard shutdown phase. From here on, the thrust and
flow rates decrease abruptly, exhibiting decay characteristics similar to that following

a commanded cutoff,

In the event that the wet/dry sensor located in the fuel tank at Station 1194.‘24 is un-
covered, a SECO discrete is issued and an immediate hard shutdown follows. This can

occur either pribr to or during the soft phase, This implies that fuel depletion rather

hns mmanainel TN AdAoanintinn hao nanourrand | Kol eanant Innatinna have Leen ohnaen ta

MERYEAL DSOS = 2 L
minimize unburnable fuel residual, The propellant utilization system has been designed

so that fuel depletion is unlikely for Surveyor-type missions,

Figure 8-5 illustrates the thrust and propellant flow characteristics for a nominal soft
shutdown phase (Referénce 11). Time is measured from minimum NPSH. This is the
reference point from which Rocketdyne, the engine manufacturer, evaluates the engine
svstem shutdown characteristics, The thrust and propellant consumption characteris-
tics during the hard shutdown phase (following SECQO) are also shown in Figure §-5,

The shutdown characteristics shown in Figure 8-5 are provided by Rocketdyne,

8-8
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8.2 CENTAUR PROPULSION MODEL

+4

Centaur stage main impulse is provided hy two Pratt and Whithey (P&W) RL10A-3-3
gimbal-mounted rocket engines. The engines burn a propellant combination of h‘quid
oxygen and liquid hydrogen. In addition, a hydrogen peroxide low-thrust propulsion
system is provided for attitude and propellant level control during the coast phases

of flight.

8.2.1 MAIN IMPULSE ENGINES

The Centaur propulsion characteris‘ﬁics are summarized in Table 8-2. The P&W
engine data are based on information presented in Reference 17. The engines are
calibrated tb operate at a nominal oxidizer-to-fuel mixture ratio of 5:1. The nominal
specific impulse of the engines at that mixture ratio is 442, 87 seconds’. It should be
recognized that although the nominal mixture ratio is 5:1, the actual mixture ratio
(hence specific impulse and thrust) is affected by the propellant utilization (PU) system

il @erfing WHIeh N THYN . 18 A THRGLLON UL USSLIGU DLULGLIAIL DiasUn aliu jui v i sy

tanking levels.

Tigure 8-6 shows Centaur engine thrust, specific impulse, and flow rate as a function

of mixture ratio.

The propellant feed system employes a set of boost pumps on both the oxidizer and
fuel sides to provide adequate pump inlet pressures for the main propellant pumps.
The hoost pumps are driven by hydrogen peroxide turbines. Exhaust from the turbines
is axially directed and it produces an incremental force on the vehicle. The boost
pump operation characteristics that affect trajectory parameters are included in

Table 8-2.

"Tngine log data.
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Table 8-2. Centaur Propulsion Characteristics*

NOMINAL®  3-g Dispersion

T A = =

= 0. > e 0 g

Main Engines

Centaur Vac. Thrust 30, 050 Ib + 425 1b
Centaur Vac. Specific Impulse 442,54 sec + 3,54 sec
Mixture Ratio : 5.0763

Boost Pumps

Vac. Thrust 7.49 1b +10%

H202 Consumption Rate 0.086 1b/sec +10 %

The P&W engine starts are preceded by prestart phases consisting of the boost

BRaARaat Anavroetinn and ov\n’ivha r\]’\”]dnﬂln Tnfarmatinn nartinent tn f‘hP_ gimn]ntir‘m ﬂf
3 - By . 2

a e o

prestart phases is shown in Table 8-3.

Table 8-3. Prestart Characteristics

FIRST BURN SECOND BURN
Boost Pump Operating Time t = 44,6 sec t = 28 sec
Chilldown Time t = 8 sec t = 17 sec
LH, = 23 Ib LHy =42 1b
Chilldown Propellant Consumption -
P M LO, = 271b LO, = 50 Ib
'Effective for two engines.
2Fagine log data,
2Equal to main impulse oxidizer to fuel weight ratio. Used in trajectory
simulations to approximate PU control.
8-11



oy g e

oo | Boanad | S . SO

I
o

1
T

HHTHT

cro i

as

J

S

= o

LI ¥OVIN
HAV.LE

r

Vi M0

€

8-12

GDC-BKMG7-064
H

aFREEngay
aEaasci:

jeaEdnio o

n
5

¥

S anans]
A

T

| SR RaE Baad
i
SRS

il
R 5 1

=N
Enakeat
IR el

i

SSuN

HIE

HiH

b

T

Hr

=+

D e

tvs nguas sucpess

jeRagt:

F,



: GDC-BKMG7-064

] Table 8-4 presents the Centaur main engine start and shutdown characteristics.
3
3 Table 8-~4. Start and Shutdown Characteristics
3
[ FIRST BURN SECOND BURN
3 % START! SHUTDOWN= START!? SHUTDOWN=
| +6131 +6099
Total Impul Ib-sec 2 3 7 75 70
z , Totul Impulse (Ib~sec) 0,000 o0, 3110170 | 19,275 . 31101
L
Py Propellant Consumption
§
(d LH2 (1b) 12 +1.0 6 12 £1.0 6
2 LO2 (1b) 45 8.0 18 43 +8 18
3 'Nominal start impulse from ignition to +2. 0 seconds,

-~
Kokl

®Includes timer delay of 0. 0055 seconds.

L

B

Elangd

I
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g2

8.2.2 ENGINE REGRESSION EQUATIONS

Propulsion characteristics of the P&W RL10A-3-3 engines; i.e., mixture ratio,

thrust, and specific impulse (within a given range of inlef conditions); can be deter-

e
s

mined from the trim regression equation. The general form of the equation, from

Reference 17, is as follows:

&2

Y, Y, Y, = C_+C (FPIP) + C (FPIT) + C,(OPIP)

g

2
+C,(OPIT) + C (FPIP)” + CG(OPIP)z + C7(FPIT)2

g 4
+ C(OPIT)” + C (FPIP) (FPIT) +C, (FPIP)(OPIT)

3 c1 ((OPIP)(OPIT) + Co(FPITHOPIT)  + C;4 (K)

)
+C 1, ()7 +C (FPIP)(K) +C  (FPIT)(K) + C_, (OPIP)(K)

. FAONTYTETN /YN ln‘i
LI A e i L > |
18\ PR e ot
where
. , . mixture ratio - 3
Y = Percent nominal mixture ratio = - e - X 100% [ i
T nominal mixiure ratio &
. thrust
Y = Percent nominal thrust = . x 100% o
I¢ nominal thrust P

. . specific impulse
Y = Percent nominal specific impulse = - Y x 100% 9
I nominal specific impulse 1
L3
FPIP = Fuel pump inlet total pressure, psia -

;s ' . |

OPIP = Oxidizer pump inlet total pressure, psia L;
FPIT = Fuel pump inlet total temperature, degrees Rankine )
OPIT = Oxidizer pump inlet total temperature, degrees Rankine ot
K = Propellant utilization valve angle loss factor (See TFigure 8-17) ¥

8-14 &
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A list of constants that define the regression equations are presented in Tables 8-5

£
‘ 3
and 8-6 and can be assumed valid for the following range of inlet conditions: 3
PARAMETER _RANGE ["2
3
FPIP 29.8 to 54.0 psia

=3
OPIP 25.0 to 130. 0 psia E‘;

FPIT 36,3 to 40.3 °R

OPIT 162.4 to 185.0 °R
(’\ K -3.47 to +5. 16 E’
To determine the values of Yr’ YF’ and YI for a specific engine, a correction must be -
made for the engine trim deviation and the actual engine impulse. These corrections &3

can be made by replacing the nominal values in the regression equations by the follow-

ing values:

£ ~- - 3

Mixture ratio = Nominal mixture ratio Ll. i 4 St L 1“1101(‘)1“"““7 ‘d“UJ =
ercent trim thrust
Thrust = Nominal thrust [1. 00 + -2 en;;glm tuust] B
Impulse = Engine impulse from acceptance test at above mixture ratio &
L
The nominal (rated) values are those given in Table 8-2 and obtained from Reference 17. -
-
(5]
0
L

8-16 i



biissid

77 N
N

)

GDC-BKM67-064

Table 8-5. Regression Equation Constants

A

| PERCENT PERCENT ° PERCENT
CONSTANT  MIXTURE RATIO THRUST - SPECIFIC IMPULSE
Cy 45, 66022 113. 0937 98. 14688
Cy ~0. 3630909 0.2537448 0.2137699
Cy 2. 813537 ~0. 7848150 -0. 2892683
Cq 0. 4693350 -0. 0226822 ~0. 1006909
Cy 0 0 0. 07840806
Cg 0 -0. 0002296526 ~0. 0001375418
“a 0.0001120183  -0.00006385896 -0.00009732998
Cr 0. 01498950 0. 007766027 ~0. 003763885
Cq -0, 0004508927  -0. 0006488049 ~0. 0005027807
. -0. 003076895 -0. 002595395 ~0. 001467817
Cyy ~0. 001128298 ~0. 00044968217 0. 0005602909
Cip ~0. 01077991 0. 003366264 0. 003007877
Cys ~0. 01001839 0. 002065175 -0. 001764704
Cyg ~0. 05661677 0. 01657675 0. 03237992
Cyn -0. 01329854 0. 0007345071 0. 004012892
@iq 0. 01794036 ~0. 004487661 ~0. 009362416

8-17
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Table 8-6. Variable Regression Equation Constants
PERCENT PERCENT PERCENT
CONSTANT ENGINE MIXTURE RATIO THRUST SPECIFIC IMPULSE
013l P641916 -3.5491214 -0. 48462962 0. 36607059
P641917 -4,2764756 -0.60731129 0.40738390
0141 P641916 0.18010862 0.0032903812  -0. 029038418
P641917 0. 036431548 -0. 023537219 -0. 023408980
0132 P641916 -3.9579424 . -0. 58690811 0. 3933233
(\‘ - P641917 -4, 5453445 -0. 64812422 0. 38050475
A
0142 P641916 0.11004897 0.012343169 -0. 031636129
P641917 0.22550332 0.016972411 -0. 028293098

1Use when o (Angle of valve actuator rotation) is negative.
®Use when ¢ is positive.

The nominal inlet conditions for Tables 8-5 and 8-6 are the following:

PARAMETER

FPIP
OoPIP
FPIT
OPIT

VALUE

30.0 psia
60.5 psia
38.3 "R
175.3 °R

S

1]
e

e
W
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8.2.3 ATTITUDE AND PROPELLANT LEVEL CONTROL ENGINES

A schematic arrangement of the attitude and propellant level confrol motor system is
shown in Figure 8.8. The thrust direction of the A and P engines is in a plane normal
to the vehicle longitudinal axis and the 8 and V engines are aligned with the longitudi-

nal axis,

All engines use hydrogen peroxide to generate thrust. The performance characteris-
tics of these engines are summarized in Table 8-7 and a functional description is

presented in Table 8-8.

€]

-19
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Table 8-7. Characteristics of Attitude and Propellant Level Control Engines

THRUST SPECIFIC IMPULSE
ENGINE DESIGNATION (Ib/engine) (sec)
+2.04
52.26 157 £ 5
Vi o, 3,4 -2.46
@) +0.115 :
.0 155 £ 5
Sl, 2, 3, 4 .3 1 -0.140
+0.288
=
Pl, 9 7.208 0,343 155+ 5
@
v +0.134
- A 3.582 5+5
1, 2, 3, 4 -0.164 - 15
rapie s-o. KNgine pesignarion and duncrional pJescription
ENGINE MODE OF
DESIGNATION FUNCTIONAL DESIGNATION OPERATION
V1 9 8 4 a. Propellant Settling After MECO 1 and Prior Continuous,
T to MES 2 : Two Engines
b. Major Re-orientation and Attitude Control Intermittent
c. Lateral Spacecraft/Centaur Separation Prior Continuous,
to Tank Blowdown Retromaneuver Two Engines
) 1. 2.3 4 a. Propellant Settling During Parking Orbit Continuous,
e Coast Phase, Excluding Periods of V Two Engines
Engine Operation Defined in (a) Above
1.2 3 4 and a. Attitude Confrol During Centaur Coast Intermittent

Phases

e et e e T T Y B TR T B P YT T e \ e oy B 4 o 8 e ey i e
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QUAD IV
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Figure 6-8. Avrangement of Attitude and Propellant Level Control Engines
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SECTION 9

FLIGHT CONTROL SYSTEM -

\

The Atlas/Centaur flight control system consists of two autopilot sets and the Minne-
apolis-Honeywell all-inertial vehicle guidance set. The Atlas autopilot, mounted within
the equipment pod of the first stage, ﬁrovides programmed steering of the vehicle from
launch through separation of the Atlas booster engine package. This autopﬂot also
executes steering commands furnished by the second stage guidance set after Atlas
booster stéging through sustainer engine cutoff. Sequential switching operations, as

required by the first stage, are provided by the first stage autopilot programmer.

The Centaur autopilot is mounted on the forward bulkhead of the second stage and ac-

complishes the following functions:
a. Stabilizes the Centaur vehicle during second stage flight.
b. Executes guidance system steering commands.

c. Provides switching sequences, as needed.

The all-inertial vehicle guidance set located on the Centaur stage will generate pitch
and yaw steering signals to the autopilots for flight control from hooster engine cutoff
(BECO) plus 8 seconds to termination of the Centaur retromaneuver, The guidance set
will issue the primary discrete for bhooster engine cutoff and Centaur main engine cut-

off.

9.1 ATLAS STAGE AUTOPILOT

The Atlas stage autopilot performs the following functions:
a. Rolls the vehicle to the required launch azimuth,
b. Pitches and yaws the vehicle according to predetermined programs.

SN
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~

Performs vehicle steering from Centaur vehicle guidance set information dur ing

o

the sustainer solo phase of flight.

d. Generates timed sequences and swiiching functions as required fer vehicle control,

9.2 ATLAS BOOSTER ROLL PROGRAM

The Atlas/Centaur launch pad, Complex 36B, is aligned along an azimuth of 115 de-

grees, and since the vehicle pitch-over maneuver is restricted to the vehicle refer-

enced pitch plane, a roll maneuver must be executed prior to the termination of vertical
rise in order to achieve the desired azimuth., AC-14 will have a launch azimuth some-
where between 78 and 115 degrees, depending on launch day and launch time. The
AC-14 Firing Tables, Reference 2, should be consulfed for launch azimuth and launch
time relatioﬁslﬂp for each launch day. Table 9-1 presents roll maneuver data. The
times are referenced to 2-inch motion., A counter-clockwise roll, when viewed from

above the launcher, is defined as a positive rate.

Trhlz 0.1 A 14 DT Timoemns
TIME ROLL RATE
(sec) (deg/sec)
0-2 0
2156 Launch-Day and Time Dependent
15 -BECO 0

9.3 ATLAS PITCH AND YAW PROGRAMS

The Altas autopilot has a basic pitch program (PP181) and a basic yaw program (YP0)
built into it. To make allowance for seasonal wind changes and hence maximize launch
availability, several delta pitch and delta yaw programs are available for use (see

Tables 9-2 and 9-3). These delta programs are added to the basic programs by the

Centaur guidance system as recuived. On the ¢ weh, wind soundings ave token
’i o determine the requived delta~pitch and delta-yaw j to load into the Centour

TELT

e hasic pitch and yaw

guidance system, For targeting and paylos

programs were used, i.e., PPI81 and YP
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Table 9-2. Pi:ch Programs
PP181 PP211 -,>p141 PP101 PP31
DELTA PITCH | TOTAL PITCH | DELTA PITCH | TOTAL PITCH | DELTA PI''CH| TOTAL PITCH | DELTA PITCH | TOTAL PITCH | DELTA PITCH | TOTAL PITCH
TIME RATE RATE? RATE RATE RATE RATE RATE RATE RATE RATE
(s0¢) (deg/gec) (deg/sec) (deg/see) (deg/sec) (deg/sec (deg/sec) (deg/sec) (deg/sce) (deg/sec) (deg/see)
3 915 9 0 0 0 0 0 0 0 Q 0
{ 0 .51 +0. 04 0.55 ~0.01 0.50 -0.18 0.33 ~0.31 0.20
|
E 0 0.54 +0.01 0.55 ~0.03 0.51 +0.02 0.56 +0.01 0.55
} 4550 0 0.63 -0.06 0.57 +0.04 0.67 +0.02 0.65 +0.08 0.71
‘ 5060 Q 0.66 -0.03 0.63 ~0.01 0.65 +0.04 0.70 +0.09 0.75
60-75 0 0.60 -0.03 0.57 +0.07 0.67 +0.08 0.68 ) +0, 14 0.74
o 7579 0 0.57 -0.05 0.52 +0.07 0.64 +0.06 0.63 ° +0.15 0.72
Ci:) TYanT 0 0.84 +0.03 0.87 ~-0.09 0.75 -0.04 0.80 -0.08 0.76
i 7103 0 0.69 +0.01 0.70 -0.01 0.68 -0.04 0.65 X -0.06 0.63
1 Q 0.36 0 0.36 0 0.36 +0.01 0.37 +0.03 0.3¢
0 0.24 0 0.24 0 0.24 ~0.01 0.23 -0.01 0.23
Sigm convention: A positive (+) rate turns the vehicle nose down whereas a negative (-} rate turns it nose up.
S The hasic piteh program, 3

i
i
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Table 9-3. Yaw Programs’

Yi(° YP6 YP7 N
DELTA YAW DELTA YAW DELTA YAW
TIME RATE RATE RATE
(sec) (deg/sec) (deg/sec) (deg/sec)
0-15 0 0 0
15-25 0 0 0
25-45 0 +0.15 40,02
45-50 0 +0,03 -0.20
50-60 0 -0.12 +0.07
60-75 0 0 0
75-79 0 ~0.10 +0:10
79-817 0 -0.06 +0,08
87-103 0 +0,04 +0.04
103-130 0 . +0.03 +0.04
130-BECO | 0 | 0 -0.01

1 Sign convention: A positive (+) rate turns the vehicle nose left whereas a negative

(-) rate turns it nose right.

2 The basic yaw program.

G4
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SECTION 10

WEIGHTS -

10.1 WEIGHT DATA

A weight breakdown for the AC~14 launch configuration is presented in Tables 10-1
through 10-3. These weights were obtained from Reference 4 and reflect the configura-

tion status as of 21 August 1967,

Table 10~1. AC-14 Launch Configuration Weight Summary

1 WEIGHT
i INCREMENTS AT ATLAS AT 2-INCH
i CONTFIGURATION (ib) IGNITION | MOTION
| apacmopaApT copARATEN 2, 992 2, 992
| CENTAUR TANKED WEIGHT 37, 976

Less Ground Boiloff Weight 68
. CENTAUR GROSS LAUNCH WEIGHT 37,908
ATLAS TANKED WEIGHT 287,494

Less Ground Expendables and Pre-

ignition GOg9 Loss 3, 006
3 ATLAS GROSS LAUNCH WEIGHT 284,488
; COMBINED VEHICLT GROSS WEIGHT
) INCLUDING SPACECRATT 327, 693 324,619
i

10~1
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Table 10-2, Centaur Stage Weight Summary

ITEM WEIGHT
NO. DESCRIPTION (1b)
R RN e eETGTI e I PRI
CENTAUR TANKED WEIGHTS* 37,976
1 Centaur Jettison Weights* _4,111
1.1 - Centaur Dry Weights* 3,629
1.1.1 Basic Vehicle Weight (3, 231)
Body Group 974
Basic Structure 878
Secondary Structure 96
Propulsion Group 1, 223
Main Engines 593
Fuel System 215
Oxidizer System 254
PLIS and PU System 95
H202 System 66
Guidance Group 333
Guidance System 226
Autopilot System 107
Control Gronp 182
Hydraulic System 91
Attitude Control System 26
Ullage Motors 35
Pressurization Group 187
Electrical Group 283
Separation Equipment 79
1.1.2 Useful Load* (398)
Flight Instrumentation 255
Range Safety System 51
Azusa Tracking System 0
C-Band Tracking System 25
TLM RI System No, 2 0
TLM RI System No, 1 121
Guidance Signal Conditioner 11
P&WA Instrumentation Boxes 28
Landline Systems 9
General TLM Ecuipment 10
Miscellancous Equipment 143
TLM RTF System No, 4 0

“Does not include spacecraft weight,

10-2
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Table 10-2, Centaur Stage Weight Summary, Contd

ITEM WEIGHT
NO. DESCRIPTION (1h)
Destruct Installiation - Surveyor 15
Spectrometer Installation 0
Spacecraft Adapter and Equipment 128
1.2 Residuals 482
1.2,1 Propellants (422)
LH2 Trapped ) 60
N LOg Trapped 54
P\ LH, PU Residual 20
LO, PU Residual , 0
Gaseous HZ 116
. Gaseous 02 1792
1.2,2 Hydrogen Peroxide . @1)
Retromaneuver - Aftitude Control 23
i Trapped 5
2 Reserve 13
Contingency 0 “
b.Z.0 . e LLT £73 ¢
: 1.2.4 Ice (12)
. 2 Centaur Expendables 30,528
! .
4 2.1 Propellants 30, 330
2.1.1 Main Impulse (29, 856}
1 H 4,914
. Og 24, 942
i 2.1.2 Gas Boiloff on Ground' (68)
} H2 27
- 0, 41
. 2.1.3 Inflight Chilldown (142)
H, | 65
' 0O, 7
2.,1.4 Boost Phase Vent (119}
1{2 53
O, 66
2.1.5 Sustainer Phase Vent (80)
1712
()2 60

! pxpended prior to Atlas stage ignition.
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Table 10-2. Centaur Stage Weight Summary, Contd

ITEM WEIGHT U
NO. DESCRIPTION ) (1b)
2.1.6 Engine Decay - First Burn (24)
Ho 6 res
02 18 i
Engine Decay - 2nd Burn (24)
O3 18 A
2.1.7 Parking Orbit Vent (5)
H 5 B
2.1.8 Parking Orbit Leakage (2)
Ho 0
O3 2
2.2 Hydrogen Peroxide 196
2.2.1 Boost Pumps (43)
2. 2. Ullage + Control Motors (153)
2.8 Helium Expended 2
:) EU Lli[)llllﬁ'l{, (‘I‘(‘,LL&DUU(—‘,& ..Ul BUU?‘,\‘{, ;}l?tt'i(“! ) :). :):) lr
3.1 Nose Fairing 2,046
3.2 Insulation Panels ' 1, 241
3.3 Ablated Ice ' 50
b
[
b
10-4 g
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Table 10-3. Atlas Stage Weight Summary

ITEM B WEIGHT
NO. DESCRIPTION ‘ (1b)
ATLAS TANKED WEIGHTS 287,494
1 Sustainer Jettison Weight 8,821
1.1 Sustainer Dry Weight 6,110
1.2 Sustainer Residuals 1,641
1.3 Unburned Expendables 0
1.4 Interstage Adapter 1, 054
1.5 Unburned Lube Oil 16
2 Booster Jettison Weight 7,484
2.1 Booster Dry Weight 6,318
2.2 Booster Residuals 1,129
2.3 Unburned Lube Oil 37
3 Atlas Expendables 271, 189
3l 1 Flight Expendables 268,183
3.1.1 Main Impulse (267,977)
RP-1 83,123
i) ) 1o=y 55
3.1.2 Helium-Panel Purge (6)
3.1.3 Oxidizer Vent Loss (15)
3.1.4 Lube Oil (185)
3.2 Ground Expendables* - 2,556
8.2.1 Fuel (54.0)
3.2.2 Oxidizer (1, 709)
3.2.3 Lube 0Oil (3)
3.2.4 Exterior Ice (54)
3.2.5 LNy in Helium Shrouds (250)
3.3 Preignition GO2 T.oss 450

* 2,06 seconds ground run time.,
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10.2 PROPELLANT LOADING

10.2.1 ATLAS PROPELLANT LOADING

Atlas propellant loading calculations are summarized in Table 10-4.

propellants are calculated by subtraction of the unusable propellants from the initial

tanked quantities.

Table 10-4. Atlas Propellant Loading Calculations

The main impulse

ITEM

FUEL

OXIDIZER

1. Total Tank Volume

2. Line Volumes

3. Total Available Volume, (1) + (2)
4. Ullage Volume

5. Net Tank Volume, (3) - (4)

6. Propellant Density

7. Net Tanked Pronellante Ry v oy
8. Non-impulse Propellants

a. Ground Main Tank Vent

b. Ground Run

c. Inflight Vent

d. Booster Engine Liquid Residuals
e. Sustainer Engine Liquid Residuals
f. Vernier Engine Liquid Residuals

9. Propellants Contributing to NPSH at Liftoff
(1) - (8)

10. Vaporized Liquid

Net NPSH Expendables at Liftoff (9) - (10)

1,705, 84 ft3

8.00 ft3

1,713. 84 ft3

19. 69 ft3

1, 694,15 ft°
50. 00 1h/£t3

~ A A~ 11
Uiy (UU LS

1,178 1b
0 1b

540 1b
01b

487 1b

94 1b

57 1b

83, 530 1b

01b
83,530 1b

2,726. 22 t3

922. 83 ftd

2,749. 05 t3

28. 65 ftS

2,720.40 ft3
69. 30 Ib/£t3"

100, D&% 10
2,857 1b
450 1b
1,709 lb
15 1b

554 1b

55 1b

74 1b

185, 667 1b

474 1b

YAt 25, 0 psia Phase II pressure
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10.2.2 CENTAUR PROPELLANT LOADING

Centaur propellant loading calculations are summarized in Table 10-5. The main im-
pulse propellants are calculated by subtraction of the unusable propellants from the

initial tanked quantities.

Table 10-5. Centaur Propellant Loading Calculations

ITEM FUEL OXIDIZER

1. Total Tank Volume 1,265.40 ft3 375.71 ft3
2. Line Volumes " 2.53 ft3 1.85 ft3
3. Total Available Volume, (1) + (2) 1,267.93 ft3 377.50 ﬂ:3
4., Ullage.'Volume . 11,23 ft3 6.61 ft3
5. Net Tank Volume, (3) - (4) 1,256.70 5> ) 370.95 ft° .
6. Propellant Density 4.218 1b/ft° 68.60 1b/ft°
(. NEL TAUKEU Froueiizites, 1 ~ (o1 i DL ouL tu ZO. bt 1w
8. Non-impulse Propellants - 387 1b 505 1b
a. Ground Vent 27 1b 41 1b
b. Boost Phase Vent 53 1b 66 1b
c. Sustainer Phase Vent 30 1b 60 1b
d. Coast Phase Vent 45 1h . 01b
e. Coast Phase Leakage 01ib 21b
f.  Engine Chill 65 1b 771b
g. Vaporized Liquid 115 1b 169 1h
h. Trapped Liquid 60 1b 62 1b
i. PU System Bias 20 1b 01b
j.  Engine Shutdown Loss 12 1b 36 Ih

9. Net Main Impulse, (7) - (8) 4,914 1b 24,942 1b

1 At 20.25 psia tanking pressure

2 At 30.50 psia tanking pressure
O

10-17
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SECTION 11
AERODYNAMICS .

The gross vehicle aerodynamic coefficients applicable to the Atlas/Centaur are docu-
mented in Reference 18. Thesedata are based primarily on results of six-component
force and moment tests of 1/35 scale models conducted at the Convair high-speed wind
tunnel. Testing was conducted for Mach numbers between0. 62 and4.36 which covers
the period of flight when aerodynamic forces and moments are greatest. To coverthe
complete Mach number range, the test data were extrapolated by empirical and |

theoretical methods.

The coefficient of total vehicle aerodynamic force is normally resolved into three’
mutually orthogonal components that are aligned axially and laterally with the vehicle

longitudinal axis. From a performance viewpoint, however, the two most significant

. ATV R 4 L e T 2T AN A A A sm At el fnSfahonlAanAa)y FAnaa Mhao
\;UAALBVAAVA‘.V».J R T I N e e —— (S U vaeale LM -t SLY . 4 t o
\ o/ A% S s ’ @

axial force is defined as positive when it acts to retard the forward motion of the

vehicle. Normal force is defined as positive when it acts in the upward sense.
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11.1 AXTAL FORCE

During the booster phase, the drag model for Atlas/Centaur divides the total aerody-
namic axial force into a component that is dependent on ambient dynamic pressure and
a component that varies linearly with the ratio of ambient static pressure to sea level
ambient pressure. A time-varying force to account for launcher holddown and base
suction has also been incorporated; this retarding axial force is applied during the

first 10 seconds of flight (measured from liftoff).

During booster phase of flight, total aerodynamic axial force is calculated by means

of the following equations:

"Axial force = CA(q)(S) - 4500 (1 ~ P/PO) +H ' (11-1)
for t < 10 seconds, and

Axial force = CA(q)(S) - 4500 (1 - P/PO) (il-z)

P £ s 3y -
1UL L~ 11U DTUULIUD,.

It

where CA g-dependent axial force coefficient

o]
It

Free-stream dynamic pressure, psf

w0
I

Reference area, 78.5 £t2
P/P0 = Ratio of ambient to sea-level static pressure, psf/pst
t = Flight time

H = Combined holddown and base suction force, 1b

During sustainer phase of flight, total axial force is simply
Axial force = CA(q)(5) (11-3)

CA is presented versus Mach number in Figure 11-1. This coefficient reflects

changes to the original Atlas/Centaur base drag component of axial force.

S . : , - a1l PR R
The term 4500 (],-'l)//"r’o) in Equations 11-1 and -2 is a booster-phasc, hase force

component of axial force that is a function of free-stream static pressure, where

11-2
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4500

P/p
(6]

Il

Vacuum base thrust, Ib

Il

Ratio of ambient to sea-level static pressure, psf/psf

The holddown and base suction force, H, is plotted in Figui:é 11-2 as a function of
time from liftoff. The analytical expression for this force is

2.3917
H = Retarding axial force = 41.290 (10 - t) (11-4)

where t =10 seconds of flight,

H = Retarding axial force, Ib.

Implicit in the above discussion is the assumption that the total angle of attack, Clrpns

is very small. This assumption is justified since axial force is essentially constant

with angle of attack (within the permissible range of angles of attack for Atlas/Centaur

vehicles).

For a detailed discussion of the new Atlas/Centaur drag model see Reference 19,

11-3
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11.2 NORMAL I'ORCE

Normal force coefficient is presented in two components, viz., the component at

zero angle of attack, CNO, and the component that.varies with angle of attack, CN*/x.

The total normal force is the sum of the two components:
N = [CNO + (CN*/m)or] g S (11-5)

where « = Pitch-plane angle of attack, deg

q = Free-stream dynamic pressure, psf
S = Reference area, 78.5 ft2
N

= Normal force, 1b

CNO is plotted in Figure 11-3 as a function of Mach number. CN*/q, per degree

o, is presented versus Mach number in Figures 11-4 and 11-5.

11-6
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MOMUENT COEFFICIERNTS

Pitching moreny

4

upward., The wowel pitehing moment MN is defined by the equation

MN =

where CHMYL

XCP/LRZIT

CHMNO@Q)(S)(LRETF) - N(XCP/LREF)(LRET)

= Pitehing moment coefficient at N=0
= Free-stream dynaAmic pressure, psf
= Reference area, 78.5 ft2

= Total normal force, 1b

= Reference length, 1500 in.

i

Center of presgure of normal force

(pitching moment at N=0) - (total pitching moment)

(normal force) (LRET)

The effective z=nter of pressure in the pitch plane is therefore

<

inches aft of ~z

.as Station ZEY O,

The pitching moment coofficient (CMNO) is presented in Figure 11-6.

LREF is prez=ried versus Mach number in Figures 11-7 and 11-8.

11-106

is positive for a moment tending to rotate the nose of the vehicle

(11-6)

(11-17)

(11-8)

The XCP/
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SECTION 12
PHYSICAL AND ATMOSPHERIC DATA

This section presents the physical and atmospheric data used in generation of earth-

moon trajectory simulations.

12.1 EARTH DATA

12.1.1 EARTH MODEL

The geometric form of the earth assumed in trajectory simulations is the Fischer

earth model (1960}, Reference 21. Constants defining the earth model are:

Equatorial earth radius,

A = 6,378.166000 kilometers (exact)
= 20,925,741.47 international feet
Flattening,

= 1/298.30

>

f = Flattening = 1 -

Polar earth radius,
B = 6,356.784284 kilometers
= 20,855,591.48 international feet.

12.1.2 EARTH ROTATION RATE

The earth rotation rate (w_) assumed, Reference 21, is given by

=

w_ = : 60 deg/sec
E 86164.09882 + 0.001647 ?

o

ol

Where T is the number of Julian centuries of 36,525 days from 1900 Januar;

(Julian date = 2,415,020.0). Tor the year 1883,

s onTAn v 1S
@ 4,1780742 %1077 deg/sec
( :
=

(]
T AL

0.5 UL
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12.1.8 EARTH POTENTIAL FUNCTION

The potential function of the earth assumed, Reference 21, is given by

9 3 7 b
My IRy . 2 n Bg .2 .
p(R,p) = R 1+ — (1 -3 sin ¢) + T -m»§~(8~ S5sin ¢) sing
3R R
-4
D RE , 2 . 4
+ = == (3 - 30 sin ¢ + 35 sin @)
35 _4
o
where, i
5 3, 2
GM = 3.986032 (+0.000030) x 10 km /sec
16 3 2
= 1.4076539 x 10 ft /sec
' 3, 2
= 62,750.59 n.mi. /sec
RE = Equatorial earth radius {;‘
R = Geacentric radius
@ = Geocentric latitunde
-3
J = 1.62345 (+0.00030) x 10
-5 !
H = -0.575 (+0.025) x 10 5
kS
-5
D = 0.7875 (£0.0875) x 10

-
i
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12.1.4 LAUNCH PAD COORDINATES

The Jaunch pad coordinates for ETR pads 36A and 36B, referenced to the earth model
described in Section 12.1.1, are:

g

GEOCENTRIC WEST GEODETIC
PAD LATITUDE (deg) LONGITUDE (deg) TIP ANGLE (deg
36A 28.310551 80. 537949 0.160960
36B 28.307492 80.541179 0.160947

12,1.5 ATMOSPHERIC PROPERTIES

Tha atmaenharia mndal nead in traieetary simulations is hased on data from the, Patrick
Reference Atmosphere and the 1859 ARCD Model Atmosphere given in References 22
and 23. Equations relating pressure, density, and temperature to altitude are pre-

sented in Reference 24,

12.1.6 WIND DATA

ETR wind profiles are presented in Figures 12-1 through 12-13, The wind profiles
represent mean monthly statistical wind distribution measured at Patrick Air Force

Basc, Florida. The wind profiles are documented in Reference 20.

12-3
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12.2 MOON %TA

12.2.1 MOON POTENTIAL FUNCTION

The potential function of the moon assumed, Reference 21, is

2

GMm an 1 2
¢(R"U’>‘):T 1+J = (E—sm u,)

2

R
m 2
+ L<?> cos |, cos2 )\]

where,
3 3 2

GMm = 4,9027779%x 10 km /sec
Rm = Mean lunar radius = 1738.09 km
R = Selenocentric radius
L = Selenographic latitude
A = Selenographic longitude

-7
J = 3106.6 x 10

-7
1 = 621.48 x 10

12.2.2 MOON ROTATION RATE

The moon rotation rate (wM) assumed, Reference 21, is given by

o = i deg/sec
“M T 2360591.54540.014T = °

where T is the number of Julian centuries of 36,525 days from 1800 January 0.5 U, T.

(Julian date = 2,415,020, 0).

12=07
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APPENDIX A
The purpose of Appendix A is to set forth a list of conversion factors currently in use
for trajectory computations. These conversion factors, obtained from Reference 21,

are presented in Table A-1.

Table A-1, Conversion Factors

FROM TO MULTIPLY BY
Inches - Centimeters 2.54
Feet Meters 0.3048 (Exact)
Statute Miles Kilometers 1.61
Nautical Miles Kilometers 1.852
B Nautical Miles Feet 6076, 1 Lbd '
Metel‘sz/Second 2 Feetz/Secondz 10. 7639103838






